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WESTERN AUSTRALIAN 

Institution of Engineers 
(1 ~coR.PORA'l'ED) . 

REPORT OF 1'HE 0 OIL. 
S ession 1918-1919. 

The ouncil beg to pre: ent the Eighth Annual Report and 
Balance Sheet . 

J1Jemb e1"ship.- Th e number of members on th roll i. llO. 
11Jeetings.- During· the . e .. ion six general and six Council 

me tino·: wer held, th e att ndance at the onncil me t ings 
being a follow. :-C. E. rocker ( 3), II. Dowson ( 3), E . A . 
Evans (3 ), G. E. Fan·a1· (3), J. R. W. Gardam (6) , H . T. 
Haynes (5), W. J. Ilanco k (3) , E. S. Hume (1), E. B. Light 
(1), W. L . lie (1), P. V. O 'Bric>n (1), J . Parr (4) , R. A. 
Rolland (4 ) , F. E . Shaw (1), vV. H. Taylor (6), A . 'l'omlinson 
(2) , A . Ventris (5) . 

In addition, sever a 1 meeting: wer e h ld to consider th e 
proposed constitution of th e In.titution of Engiuccrs of Ans­
tralia . 

Bu ine s clectlt with a.t Cou 11 ci l Me tings .- 'l'he prin ipal 
bu iness cl alt 1vith by th e Counci l wa. : t he consider ation of 
th e :flnan es ; th e coll ection of 1'\ltbsm·iptions in arrears ; 
arranging for pap r to be r eal at the o·eneral m eting ; 
con. ider ation of appl ication. for 11 ew member. and adjn. t ing 
t h roll of me m b rs. 

'l'h e :tandarcl i ation of tructural steel was also consicl r ed 
by the Council , and Mr. E. A . Evans wa.. appointed to r epresent 
the In. titution at a confer ence to be hel 3 in Melbonrn e to 
con . id r th e matter . 

A confer en e was also held at the room: of th e Institut ion, 
tl1 c P t·e. id cnt, l\ll'. .J. H. W. 0<-nclam , presiding, to cl i: ctL: 
" E n rri neer ing tand ardisation in An:tralia." '['wenty-one 
del gat s attend ed th ' confer nee, and it was r e. olved that t he 
British standard: should be as far as pos. ibl e adopted in Au:­
tl'alia, in preference to setting up . parate standards. 'l'h e 
confer en ·e al:o pa. sed th e foll owing r esolution :-" 'l'hat th is 
meeting prote. ts again. t electrica 1 . tandard isation in Austral ia 
being left to th e Electrical As o iation of Australia , and r equest. 
that \Vest rn An stralia ha: eqna l r epre. entation ." 



Wlestern BttMralian 

BAl.JANCE IIEErr POR. YEAR 

'l'o Balance fm·wal'(] 

, Subscriptions-

HECEU' 'l' . . 

Iembers .. . .. . . . 
Associate l\lembers .. 
As ociates .. 
~tudeuts . . . . . . 

£ 

13:2 

J:? 
9 
2 

STATEME 

l.11.1 13 1 Ll'l' IE S . 

H.ent : Master Build r . 
, Commercial Union 

ecretary's a lary (Nov., Dec., Jan. ) 

.] on · & Co . . ............. . . 
V\ .A. Newspaper Co ...... . 

'andover & Co ......... . . . . 

Balance .......... . ....... . . . .. . 

12 

11 
9 
2 

T 

G. E. FAH.H.AH., Acting Hon. 1'reasnre1·. 
W. B. HAW, 8ec1·eta?·y. 

6 
6 
0 

0 

£ .. d. 

73 11 3 

1!)6 15 0 

21 0 0 

£251 6 3 

Oli' A SET 

£ s. d. 

2 · 0 0 

6 5 0 

13 0 0 

Jl 3 

15 0 

3 7 
215 15 9 

£238 1.0 7 

February 24th, 1919. 

3nstitution of 18ngineers. 

E DTNG JANUAH.Y 31sT, 1919. 

EXPE ' DTT HE. 

By 'ecL· ,tary ... . ... .. . 

, H.ent . . . . . . . . . . . . 
, Printing and rryping .. 
,. 'tat ionery . . . . . . 
, · ·Proceedings' '-

B lock . . .. . . 
}_;anten l . . . . 

'lc1·ical A.-si. tance . . 

,. Postagl'S and Sundries .. 

, Delegates to Sydney 
, Adv rtisiug . . . . 
,. Bank Charges : . . . . . . . 
, Bank Balance and ·cash in Hand 

ANI) LlABIJ.JITIES. 

A SETS. 

Bank Balance and Cash in Hand 
' ub criptions Due and Arrears .. 

] urniture . .. ........ . 
Le. ·s Written Off 

Librar.1· 

Audited and found correct. 

£ . . 

3 1 
3 3 
2 0 

£6 7 

7 

d. 

1 
0 

0 

0 
0 

£ d. 
39 0 0 

2-± 6 
1 10 6 
5 10 0 

9 1 1 

7 ]0 5 

0 0 0 

1. 2 6 

10 0 
2 15 

£251 6 3 

£ . . cl. 
82 15 1 

J44 15 6 

6 0 0 
5 0 0 

£23 10 7 

J. ANDH.EvV, l Hon. A1.tditm·s. 
L . HELF'FENSTEJN, I 



REP R1' OF '!TI E COUNCl L. 

Papers.- 1'hr foll wing p a1 er we1·e r ad dnring th e 
·<· sion:-

'' Prr:idential Addres:" by :i\h .. ). L~. \V. ardam. 
' · Enginet•ri11g Probl ems in A ncicnt and JH oclrrn Gun ­

nery , " b,v Proft•ssor A. Ro. s. 
'' !~volution of Coining Machin ry. " b,v !fr. A . entri s . 
'' Ele t ri Powet· on th e K algoorlie l\fining Fiell, ·' by 

:Jfr. C'. E. C.:rock r. 
"E ic ·tJ·ifi ation of Railwa ys," by lVfr. W. II. T aylor. 

The above pape r. , wi t h oth •rs l' ad previou ly, <:1re now 
bein g· printed , and the ' nn ·il n'qmst that memb r . will p r e­
pare pa pr t·. for the 11 . uing session a ntl At on t' noti f. th e 
,'ec reta r.v f t he titiPs of 1 h i1· pa] c t·s. 

Visit to th e lh emautl . ''melting llfo1·ks.- 'l'hro11 g'h t he 
ourtc. y f :\Jr. \V . Nt~th erlancl , the members of the Tnsh tutio11 

visited t h<' .Ji'r mantl e melting· \V01·ks, and wer e g t· atly in­
t r tul in th p1·oc ·. . t·t·angrnwnts will b JJHH1e dnri11g 
th yea r fOJ · visits to oth .,. places or in te t·e. t. 

, 'tudeuts.- As thr wa r is now over, tlw Coun i'l hope that 
all the . tudents of the Institution will soon 1·ctunt and hE' 
p t· . ent at t h mee ting., and that thl' t·e will b kee n ompetition 
for th prize of £~ -s. lonated by Mr. W . • J. Hanco ·k, to b 
comp t d for among the students. 'L'b mmcil will . hortly 
Hnuoun e what form tlw ornpetition will take. 

Proposed A molgama/1.011 of th l11 st1;tution.~ of E11gi11 eer.~ 
of Au lmlia.- Th e Institution :-;ent two clrleg·at e ·, 'le 'SI'S. n. T. 
Il ayne. and th e R<' 'l'l'h'll'.v ( fr . IN. B. haw ) , to tlw onf r e ttC·P 
held in Sy<lnl',v in l\fay. 191 . 'I'll dclcgat s 1' p01·tecl t hat 
the ·onfe t't• ne<' wa s 11 na nim u. in n ' omrn end ing the f ormation 
of an Inst itution of Engineer s ol' Au. tralia . 'fh confer 11 e 
sat for two days a ncl ni gh ts and ch ew 111 a basi: of a con ­
stitntion. :pr iHI ·ommittee wa: appointed by the con fer e11 Ce 
to dr<1W up the proposed con titl ttion in I ga l form, th n t 
·ronnud sanw to tlw cl legates. 'rhi s wa. don , and the con­
stitu tion was a rdn lly onsidl'1't'd by )'0111' Uo 1111Cil a nd I lw 
d t'lc•gat s, who mad e certain 1·e ommendation:, the majority of 
whi h wpre adopted. 1'he pcciH I committt•e th n fnrth · 
·onsid l'Pcl t il l' n • ·ommcn(lation. of t he v:niou. ouncil: and 
d •lcgatPs, Hn<l fo1·war·d e ~ a r evised clntft', whi h wa. again 
con. id<•n•d b~· llw v·1rion. onn cil : <ll1cl delr.gates, an] t lwi r 
t't' omm nclations forwat·clt•d to t ht• special ommitt e. Tlw 
Pr : i lent of the ('onferc11cc ha: J' t'portcd that th e lifT .r encc•: 
of opinion m·e now very . mall , a nd it is expe ted that th :final 
eh-aft approved of by the om1 ils <1nd delegate: of th e variou. 
In. tihttion , will sho l' tly be• pla eel lJpfol·e al l memb r · for their 

<1 1 proval. 



REI Wl' OF 'J'JI E ou TCJL . 

}f'inancial .- The balance . beet how: that the excess of 
a . . ets over li abilitie. is now £215 15 . . 9cl ., which i only £8 le . 
than last year, although th expens : of the del gate. to the 
conference at 'ydney was £69. 'l'he Council hope that member 
will pay their sub ·cription promptly, as they consider the 
t ime ha.- arr ·iv("d for the Institution to hav a r erve fund , 
which onld at once be accompli heel if all th subscrir t ion. 
du , were J aid up. 

General.- Th e onncil con ·ider that all engineer . mu. t 
re ·oo·nise th<1t it i. ur";ent for their profession to have better 
J·ecognition t han it has at p r e. ent, and th ey express the hopP 
that, as t he " ·a r· i now ov r , all m mber: will take a .ke n 
inten 'st in the affa ir.- of the In. titntion in ord r to bring this 
about. 

Roll of Jiono r.- H. B. Bennett, G. Drake-Brockman, A . C. 
'oope1· ,* \\' . I . Evan , . E . Evans, M . C., W. R. Ea ton, R. R. 

Parrar, A .. J. Ilillman . A . \V. John on, H. K clly, G. R. K er. lake, 
F . W . Lawson, W. T_;e:lie (Junr. ) , J. Pidgeon, J. H. Playn '"', 
L . \\. Poolc, T. A. Ridgeway ·::• , B. E. W. Tlroma , W. Thomasson, 
W. G. rJ'OW il ."('ll(l. R. H. Vin el'. 

•:) I ill ed in act ion. 
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VOL. VIIA. 

PROCEEDIN GS-WESTERN A UST RALIAN I NSTITUTION OF E NGINEERS . 

(Incorpora ted) 

PAPERS AND DISCUSSIONS. 

T he Institut ion is not responsible , as a body, fo r the fac ti and opinions advanced 
in any of its publica tions. 

G ENER.I L l EE'l'lNG l !ELD N I' '!'li E l N ''l' l'L'UTTON ' s Roo:-1. ON 
APJ~lL 5, 1916. 

PRE lDBNTIAL ADDRE 
BY E. A. EV.\ N . 

I would fu·. t expr . .- my very sincere thanks for t he honor 
you have con f rred by 1 cting me to the po ition of l1.· ident of 
this In t itut ion for the en uing year. Since the initi ation of 
t he o iety some nin e years ago, it ha been my 1le~: ure to 
take an active intere t in all your proceeding. , and in a cepting 
the po ition of I te. idcnt of th e ln titution 1 an a sure you 
I am a tuat d by th<e keenest de ire to promote it · interests to 
our general advantage. 

I am not unmi ndful of th fact that th e senior Vice­
P re id n t of thi Inst itution has considered it hi duty to 
accept a commis:ion in the Au. tralian Imperial Forces, and 
i now rving hi · Kiug an 1 Country, an ~ but for thi, no 
dou] t 'aptain J' aw.-on WOUl] have thi year r eceived th b.0110r 
you have conferred upon m . IIi . action i one w all highly 
appreciat and admire. and it i .- om sincere hope that he will 
. afely 1·eturu to u ·, and that we may be privil eged to place 
him in th e po. ition of Presi lent . 

\T{ , mu t not forget th at thi world-wid , vvar ha made 
calls for men in all directions to maintain and uphold our 

privil a- again. t a wanton and r elentle . enemy. 
Our tat ha. nobly an sv;•ered the call a11 d tbi · Institutiou 
has : en t of it be t. W e hav suppli ed the :B"'orce with a Major 
alJd a aJ tain of EnO'in er.- , both o£ whom were . eni01· members. 



2 E. A. EVANS : 

Members and tudent · have also left us to do battl e for the 
grand cause. Some of our youngest member , who were with 
the First Contingent in Nov mber, 1914, and fought in the fir. t 
attack of the 'furk on th u z anal, wer e amonO' t th fir t 
landing parties to set foot on Gallipoli , and helped to make 
history, and an unforgetable name for An tralia at Anzac. 

ome of them I am proud to ay tay d right through and left 
that unt nable hore in th last boat. It i our hop that they 
may iu good time r turn to u af and Ollll l to rec iv clir et 
the expr ssion of prid and feeling we have toward. them. 

An in. pirino· ight \l'a to ·ee th valiant ~Iiners' 'orp , 
o recently h r e, and more particularly to observe amongst 

them that grand example, Profe or David, Engine ring Pro­
fe or of ydu y niv r ity, th hero of Antarctic fame, who 
plant d th Union Jack at the outh 1\IIagn ti Pol e, and now, 
wh n he is fa t approaching th allott d pan, again go s forth 
to ri k his life on the battl £eld for that whi h you and I all 
hold dear. It i. good to b~?long to an honorabl profe. sioLL 
which count su h a.· Profe . . or David among t its fol'fmo. t 
m~?mb rs. 

I fe l that no apology i. needed at thi pre ent tim for 
so many r f r en es to this war. It has ince. santly o cnpied 
our foremo t thought. for th e pa. t ighteen mo11ths, and the 
nd doe. not y t a pp ar in sight. It i fr ely admitte l on 

all side. that this is an en{)'ineer ' war, and all th e cl vilisll 
ingenuity of man ha. be n pre s d into the . el'Vi ' . \J..Te ar 
all aware of th nO'ineering abilities of our enemie: wher e the 
art. of peace wer mploy d- many spl 11lid ex ·~mple: of th eir 
brain. and brawn are to be found all over An. tralia- and we 
now know that th y hav dE>votecl the :ame for t' in the pl·e­
paration fo1· aJJcl pro ecution of this war. Ncve~ · again while 
thi g n ration br ath . . hould a German b received into 
thi fair country in the way we forrnerly r ceiv d him. He 
wa ,., elcom e, he njo:ved all our :ocia l and politi.ca 1 privilege , 
and we hesitated not to buy hi O'ood:. It i. now for engineer . 
to ee that Briti. h good · are what w want an~ what we intend 
to get when we an not make th m our · lve:. 

A I £nd my lf getti 1 g ven ' near to politi ·., I will JlO\\' 

d vote th remainder of my r mark to a . ubj t very pertin nt 
to ih occasio11, viz. , the manufacture of the B1·i tish 1 atter n 
18-pouncler hi gh explo. ive. hell .. 

i\Inr.h original thon{)'ht ha. b en giv n to thi.- que:tion, an d 
many new and ingeniou. d vie . have be n p el'f cted in th i 
State for th production of hell . Prior to Auo·u ·t, J 91-1-, few 
of u w r e inter ted in militar y ammunition allCl mo t of us 
were very ignorant of what wa . r quir d b~r onr Force . Trn 
to our alling, however, it wa . on. id r ed that w ould ]o 
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omething in Australia towards upplying the needs of the 
Mini ter for Munition. . At fir t the difficulty wa. to obtain 
t he raw material, and many pes. imists declared that it could 
n ot be pro lu ed out here. Th newly formed Broken Hill Pro­
prietary Works at Jewca tl , Tew outh Wales, how ver , 
ta ckl ed the proposition, and have produc d an excellent steel. 
The Uompany i. capable of turninn· ont more shell ste l than 
conld be worked up in ALl.tr alia. 'l'hi.- steel ha. been analysed 
and te. t ed anu meet the pecification. in the. r e p cts, but 
what ecm to me to be ultra-refin ments are demanded in oth er 
direction , and these are not yet satisfi cl. 'J'hi., gentlemen, i. 
one gr eat tep forward in th e makin o· of a . elf-reliant nation. 

Befor the bar steel could be converted into shell there 
wer many knots to be unravell d :- \\Thich of our machine.­
w re uitable? and for which operation ~ It wa. '"'ell knovm 
that no machin ry ould be purchas cl in England for the 
purpose, as it. export wa. prohibited and the output of th e 
maker commandeer ed by th e Hom Government. 'l'he United 

tates and anacla wer e in turn tried, but they ith r could 
uot upply or else could give no r easonabl e elate for cleliv ry. 
W e had machinery of a kind an l that only . working eio-ht hour 
out of th twenty-four. It wa th er fore obviou that we must 
rely on our O\n1 r e our e. and either conv rt or make what 
was nece ary. In the \vb ole of th workshop with which l 
am a. ociated there were only two machines which could be 
utiliz d for an~· part of the. manufa ture of shell s without 
ext n.,ive alter ati ns and addition , ancl only one of these could 
possibly h given over to th i. work. 

'l' h fi,., 1 qu stion wa. to le ide fo1· our elve. how the 
various ope1·ation. ·, numberillg over twenty, w L"e to be p rfo1·m d 
and .in wl a.t .-equ ne . Having arrived at a decision on th se 
poin t., ma hin l','l ' had to b altered, add e ] to, or mad e entire!,\· 
t o meet the lWC':sity . 

rrhe following list give.- the seqllence of the operations ai> 
cle id ecl upon to . uit our parti ular rneans of manufactnn' . 
a nd obviously wer e largely ontroll cd by how w could d it:-

Pal'ting oft' from 1Ja1· into tw ·hell lengths. 
Centring. 
Bo h turned. 

osed. 
Parted off. 
Rongh bored. 
J<~i11i h bored . 
Nose screw d. 
Grooved . 
Base holed. 
Drill g-rub screw hol e . 
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Turning ba e plugs. 
Base plug rivetted. 
Pre s band. 
Turn band. 
Adju t for w ight. 
Varni h. 
Bake. 
Screwing nose plugs. 

The steel, 3{-in. diameter in bar of about 21 ft. long, 
was r eceived at the works. Straightening th e bent bars was 
objected to if heat was applied. In their bent condition they 
would not go through a hollow spindle lathe; it was ther efore 
neces. ary to cut th em into two in the slotting machine. 

The next op ration was performed in a. No. 4 H erbert 
Turret lathe. Double billets to make two shells wer e parted 
off. th e bar, a ni k wa cut in th e centre and the arri. taken 
off both ends in the one operation. Th e billets weighed 56 lb . 
each. Jo serious alt rations wer e necessary to thi machine. 
The hollow spindl was bor cl out, as its original capa ity was 
for 3-iuch bar . . 

A small m.achin wa. conv rted and adapted for auto­
matically centring both ends of th e billet simultaneously and 
boring the centre about t in. deep , to ensure th drill getting 
a true and fair start. 

It may her e be r emarked that each time a bar was parted 
or bill ets cut up th e . tamping to cl note th e cast of the . teel 
and bar had to be tran. f rred to ach individual part, so 
t hat at any time if s rion .· fault wcr discover ed th e whol e 
of a a. t could be fonncl if nee sary <UJd condemn ed. 

Th pair of bill et. wer e now tran ferrecl to a 12-in. T_;ang 
lathe. wh r e the outside wa rough ed clown in two cuts. A 
mall auxiliar y turret was added to th e CI'O.'s . lid re t of this 

lathe. Thi: eiJablecl th e two tools r equired to be brought into 
operation in a quick and conveni nt manner. 

Having rongh d clown th bil let , it was pa cl on to the 
fini shing lath , wh er e th e prop r size was produced 'Nithin 
the limit: allowable. 'l'his lath e was al o equipped wi th an 
a11xilim7 tnrr0t, as hcfore described. 

'l'o com]lcte th e exterior body of th e shell , th e r eclu ·tion 
of th e no e ellCl was next perform cl. A radi cal alter ation to 
the sli ]e 1·est. of this ma chine wa. ne essa.ry. Th e . cr ew for 
th e cro.s feed ·r was r emoved. A former-plate wa: attached 
for guidin g th roughing out tools, giving the no:e th e ap­
proximate racliu , two too l wer e again held in an auxiliar~' 
turret . Having ronghe 1 out the nose, a form tool attached in 
a verti al . lide at th e back of the lath was bronght into 'Nork ; 
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t his tool automatically fini ·he the nose to the correct contonr. 
Th e I air of billets are her e returned to the IIerbert lathe, 

wher t hey are parted into two. 
At thi . tage, th e steel being bright and clear all over , i 

rigid ly examin d for any . m·face cl feet. or crack , or for 
piping at th e end ·. Any sio-n or suspi ion of a hair crack 
or flaw iu the . h ·n warrant. condemnation of t h p iece . 

'l'he heavi e t operation i. next taken in hand , viz., the 
rough boring of th . hell . 'J'hi mean . reducin g its weight 
from 2-:1: lb . . to 16 lb . For thi pm·pos a 3-spin ll drilling 
ma hin \\·a el cted and radica ll y alter d. 'l'he original 3-in. 
belt dri' e wa. convert d to a 6-in. belt, a pump for for eel 
lubrication '"a added and und er ach spindle wa s atta h cl 
a . lf- entring chuck, whi h ensur ed that th bore wa: tn1ly 
con entric \vith the out ide of t he . h ll. The hole ·was bor cl 
out to 1~ in. , J aving only in . to :fini. h. It is o£ th utmost 
importance that this rough hole be tr11ly concentri c and to th e 
proper d pth , a. to adjust any irr g ularity in eit h r r e. p<>ct 
in ub qu nt operation wa. both t e hous and o tly . The 
. mall diam ter of th e hol e, with it. on . iderabl e depth , preclucl cl 
th u e o£ a rigid boring bar or tool , hen e the difficultie . . 
In t hi machine thre hell . weJ·e bored . imultan<>on ly aJl(l 
ati. factoril~· . 

Th uc e cling 1 01·tion o£ t he work caused th gn'a test 
amonnt o£ t roubl e before a succe::fn l i sne was obtain cl , i.e., 
to fini. h bore the hol e and . quare ont th e bottom to correct 
contour an l depth. A goocl flni . h i. cl mand ed in th e hor ; 
the bottom mn. t be ab olutely to the orrect contour and smoo1h. 
Many att mpt wer mad e to p rform th is operation with tlw 
n. ual double- iclecl flat cutt r in t he end of a bar. \¥ hen this 
cutter came in contact with t he botton1 of the hol e th e add iti onal 
cutting m·face sprnng th e cutter up or lown , with th e r sult 
that a pocket wa cut in th e wall. of th :bell. A succ . . fnl 
r ult "·a . eventltall .v obtained by grinding off the point of a 
twist chill to th e correct c n tour , th i. drill being thP s ize f 
the hol e in the . hell '"a. upp01tecl all down th <> bore. and a 
good fini h wa th r :ult. The lath e. for thi. operatim1 r equirecl 
ma11y addition:; the cal'l'iag was eqnippecl with a ub:tantial 
turret fit ted with eight . er arate tools, which are readily wung 
into po. ition for a h portion of th work. It is not a 1 wa~·.­
nec s ary to u. all of th . e tools, but any sli ()'ht cl eviatio11 
when rou gh boring r equired th em all t o rectify thP dcfe t . 
Th e driving belt was incr ea. ed in wiclth 50 per c nt. Fl nd t"'o 
spc d. were obtain cl on the connter . haft. A draw-in ('olh>t 

hu k wa : cl e:ignecl for holding th e . hell. 

To ompl ete th e interior of the hell the nose <'nd has to 
b . r ewecl . a check cut at th e imwr end of th e :ere\·\, and a 



6 E . .cl.. EV.lNS: 

preci,e bevel and check on th e outer end to fuse ea e. rrhese 
several items are produced at one setting, the screw being cut 
in the lathe and fini heel to dead size with an expanding tap. 

'l'be groove with twin ·wave proj ctions in same is next 
in order. The groove is roughed out with a tool on the front 
1·e t, and th e sides of the groov under cut. On the chuck 
can ying th e shell i. a cam groove operating a tool at the back 
of the lathe to produce th e wave bands. rrh ese wave bands 
ar desio·n ed to prevent th e cor per band rotating when passing 
along the rifling in the gnn barrel. 

The . hell is pas.·ed to another lathe equipped with a 
special chuck and turret, wh ere th e ba. e of the shell is bored 
out to receive a base plug, to be eventually rivetted in. The 
ba e plug i: put in to overcome th e possibility of any piping 
in the shell , wh ereby m1y gas s f1·om th e propelling charge 
conld g·et in to t he high explosive and . o cause a premature 
xplosion in the gun. 

The coppe1· baud bein g prcpa1·ed, is now pressed into the 
groove by meaJis of a :ix-cylincl er hydraulic pres:, the pressure 
r equired bein g about ten tons to the suj)er. inch area of the 
band. Thi ma chine was designed and made at the works. 'l'he 
frame onsists of two old ngin e tyre . A :afety valve is 
provided to r el ,ase the pres. ure at th rre:cribed amount. 'l'he 
action of this relea ·e in t rodu ced an undesirable kick on the 
gauge which wa overcome by th e introduction of suitable 
diaphrao·ms and hol es in sam to nearly equalizE' th e incoming 
and 011tgoin g pressure of water. 

A sRncl blasting machine to operate on three shells at once 
was de ignecl and mad e in th . hops. 'l'hi s is used in th e next 
operRtion, to thoroughly clean the band groove prior to putting 
on the copper band. 

To rivet in th e bas I lu g a pneumatic hammer has be n 
spe iall.1' arranged, the hammer head being so made that a 
blow i.- Rtruck :imultaneously on opposite sides of the rivet, 
preventino- th e possibility of tilting or canting the plug. Per­
f tion i. · demand ed in thi . operation as regards the size of 
th hol e, flatn e. · and smoothn s·s of the base, the fit of the plug 
a nd that th E' rivet i. ab:olutely driven home all round. 

rrh e copper band ha now to be turned to th e l r scrib d 
profile with no less than ·even separate m mb rs and :five 
climen. ion ., all of which are deemed to be of the utmost im­
portance an J must be to size. 

'l'here now r emains sev ral . u bsidiar~r op rations, th e most 
important being· the varnishing, after . and blasting, of the 
interior of the hell , an cl bakino- same at a temperature of 300° 
}'. for eio·ht hours. For this purpo:e an l ctrically heated 
oven was designed and made to treat 75 shells at once. The 
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no:e of t h . hell i. bored and tapped to take a i-in. grub crew, 
which . ecur the fuse. rro protect the interior varni h from 
damage a ea. t iron plug is : r wed into the nose of th hell. 
After machining, the ea t iron plug i nickel plated to pr v nt 
oxidization. 

DUl·iug all the e operations th viewer handle th shell 
a nd minutely in. p et th m for . m·face defe ts, and that they 
arr tru to o·auge and within th e pre crib d limits and finally 
that they are within th limit for w i"'ht . ' · 

'l'h pl ant d · ribed wa. put down for an output of ·ix 
to eight h ll. p r hour. It ha., how v r, been added to ince, 
and thi . pro e .. i. continually going on . 

To ha.v pur ha. d a plant for this output would have 
eo. t at lea t £5 000. 'l'he eo. t to move the machin . , make 
all th gear, jig. , huck a11d . pecia 1 tools of all d . ri1 tion. 
ha: been don for le s than a th ird of that amount. 

ln con lu ion, I have again to thank m mb rs for th 
honor b . tow cl upon me, ~md also to acknowl clg the facili ti s 
given me to 1 r par this paprr by my hi f , Mr. llume. 



GENERAL MEE'l'lNG HELD A'l' 'l'HE u TIVERSITY OF W .A . A'l"" 
PERTH ON SEPTEM:BEH 6, 1916. 

THE PROBLEM O:B"' CORROSION. 
BY N. 'l' . M. WrLSM:OHE . 

In opening a discussion on the corrosion of metals before 
the Faraday ociety la. t December , Sir Robert Hadfield, the 
President of the Society, began with the following words:-'' In 
the presentation of this symposium of papers on the int resting 
subject of ' Corrosion ,' it can be quite correctly stated that 
there is no more important ubj ect than this study of man's 
figh t against Nature, whether on lan.d or sea. It has been 
estimated that the lo ses of the iron in the world bv corrosion 
amount to hundreds of thousands of tons annuall);. Man at 
gr eat pain.· . melts t he iron taken from Mother Earth , and pro­
duces wha t i. termed ' metal. ' Iature immediately sets to 
work to destroy man 's handiwork, and, except in certain 
favored spots of the world, she generally conquers.' ' The 
economic importance of th e subject is, however, still more ap­
parent wh en it is r emembered that to the enormous wastage 
of manufactured metal due to corrosion which is continuall y 
going on, must be added the heavy cost of the various pro­
tective coverings which are applied with a. view to preventing 
it, usually with but indifferent success. Thus, in one structure 
alone, the Forth Bridge, the total ar ea which has to be painted 
i said to be 145 acr es. H ence, although a. very concise r esume 
of previous work on corrosion vvas contributed to the \¥ estern 
Australian Institution of Engineers by lVIr. E. A. Mann in 
1912, little apology is needed for again taking up the subject, 
more especially a much valuabl e work has been published in 
the interva l. In fact, th e .·ubj ect i.· so larg'e that, even without 
t raver .·ing ground already cover ed by lVIr. lVIann, space will 
p ermit of only the briefest outline of the various aspect . 
Fuller information may, however, be obtained from the follow­
ing . ources :-" Th e Corrosion and Preservation of Iron and 
Steel,' ' by Cu. hman and Gardner; '' The Corrosion of Iron 
and teel," by J. Newton Friend ; th e series of papers published 
under th e titl " 'l'h e Corrosion of Metals, F errous and Non­
FE>rrou. ·, · ' in th e '.!'ran. actions of the Faraday Society, 1916, 
Vol. IX, pp . 183, et seq., and the Reports of the Corrosion 
Committee of the Institute of Metals, whi ch ma.v be found in 
the J ouma.l of the Institute. 

Corrosion may be broadly defined a. any chemical change 
by which the metal i. converted into another sub. tance possessing 
little or no mechanical strength. The corrosion of iron and its 
alloys, however, outweighs in economic importance that of all 
other metals, :fir. tly becau~=;e th use of iron far exceed .· tb at 
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of other metals, and secondly becau e iron is more easily 
attacked by atmospheric and similar influences than most of the 
other common metals. In the case of iron and it alloys, the 
term "corrosion " is frequently r estricted to the phenomena 
'vhi h are usually grour ed together under the term '' rustinO','' 
by which i meant the progre ive conver. ion of the metal at the 
ordinary or a mod erately elevated temperature, chiefly into 
hydrated ferric oxide. For preventing the corro. ion of struc­
tural iron and . teel, reliance has hitherto been placed for the 
most part on the application of variou forms of prote t ive 
covering. Thi i , however, at best but a ver.v imperfect method. 
All protective coverings are liable to mechanical injury and most 
of them ar e th m elve. sooner or later de troy d by the variou. 
influences to which they are exposed. Al o many protectiv cov 1'­

inl)'·, ·u h, for instance, a: mill scale, tin or certain form.· of oil, 
varni. h, wh en di continuou:, actual ly timulate the corrosion 
of th expo ed metal. 'l'he ultimate solution of the problem 
mu t be sought in the production of . uch changes in the metal 
itself a sha 11 enable it to re. ist corrosive influences. Un­
fortunately, in spite of the great amount of research work 
which ha. been and is beinO' clone with this object, little or 
no progre. s in thi direction has a yet been made, so far 
at any ra te as iron and te 1 for structural purpose are 
cone m ed. It is true that everal alloys of iron have been 
cli cover ed which are highly re istant to corro ion, but their 
economic usefulne.. is strictly limited. For . tructural pur­
poses, either they are far too eo. tly, or their mechanical 
pr·op rtie. rend er them nn uitabl . 

'l'hc Rm·viva l of exampl es of ancient ironwork, uch a. 
the famous Delhi Column and the hains :6xecl for the a., istance 
of p ilgrim to Adam '. P eak in eylon, which have braved the 
element for centuries without vi ible corro ion , might . eem 
to imply that we hav only to r e-discover some s cret process 
which wa knmvn to th e ancient metallurgists, but which has 
·ince b en lo. t . Careful analysis shows, however , that ther e 
i nothing peculiar about the composition of the. e p cimen., 
and it would . em that their immunity f rom attack is clue 
to Jayer: of cin 1 r " ·orkccl into the metal by th e crude m thod . 
of forging then in u. e. Corrosion appear. to have gon on 
until one of the e layer. was reached, and to have been then 
arrested. A simil ar effect ha . been ob. ervecl in Rpecimen. of 
1 uddled wrought iron, lay r. of mill Real b ing worked into 
th metal in the procesc; of clonbling and rolling. Snch a 
coating very oon hreak · down nncl er th e stres. e. and vibration 
which modern structures have to bear, and wh en fresh . m·faces 
of the an ient metals are exposed, rusting i found to proceed 
jn t a. rapidly a., if not more o, than with modern iron 
or . teel. It may be mentioned, however, that among t th e 
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more resistant of the alloys of iron are those containing a 
high percentage of silica, and it has been suggested that if 
some form of case-hardening could be devised in which silica 
was incorporated instead of carbon, effective re istance to 
corrosion might be secured. 

Various hypoth eses have been put forward from time to 
time to explain the mechanism of the rusting of iron, but only 
two of these are worth serious consideration, and ev en these 
two are not antagonistic, but complementary, to each other. 
These are usually called the ' ' acid '' and the '' electrolytic ' ' 
hypotheses, respectively. According to the ' ' acid '' hypoth esi , 
the iron is primarily attacked by some acid in solution, usually 
carbonic acid, with the formation of a ferrous salt and hydro­
gen . The " electrolytic " hypothesis accepts the teaching of 
modern physical chemistry, that even in the case of acids in 
which all the hydrogen may be ultimately r placeable by a 
metal , such as hydrochloric, sulphuric, or carbonic acid , onl y 
a portion of the hydrogen is in an active stat in solution. 
When th e acid i. · di solved in water (or in one of a limited 
number of other solvents ), a certain fraction of the acid 
mol ecul es, depending on the nature of t he solvent, etc., ar 
split up nnder th e influence of th e solvent into electrically 
charged positive and negative particles. These charged 
particles were called by li'araday " ions," or wander ers, since 
they move in an electric field , and are in fact th e carriers of 
t.h electric current which is et up wh en an electromotivr 
for ·e i. applied to an lectrolyte. The formation of these 
charged particl f'!'i is known a: " ionization. " Be. ides acid ·, 
soluble bases, . uch as causti . oda or lime, and neutral . alt: 
snch as sodium chloride, are al. o ionized in olution, and will 
th erefore conduct an electric current. In th e case of acids, 
th e positive ions (cations ) are po. itively charged hydrogen 
atoms, the negative ions (anion ) being the r emaining portion 
of the original acid molecules which have received negative 
charges. In solutions of soluble basis, the cations are usually 
metallic atoms, positively charged, whilst t he anions consist 
of hydroxyl with a negativ charge ( 0 H-) . \~h en an acid 
i. add ed to a base, th e hydrogen ion of th e aci l combines with 
th e hydroxyl of the ba. e to form water, which i chemically 
and electrically neutral , th e anion of the acid and th e cation 
of t he base remaining in solution and forming no'~ th e ions 
of th e :alt whi ch has been produced. From the re ults of 
physical chemistry we mnst conclude that water itself is an 
electrolyte, althoi1gh an exces!''vely feeble one, only a minute 
fra ction of its mol ecules being ionized at any one time. As 
an electrolytic medium, water occupies a peculiar position, 
seeing that on ionization, hydrogen ions and hydroxyl ions 
are produced in equal quantities. Water i th er efore both 
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an acid and a ba. at t he ame t ime. Thus it will r eact with 
many metal. , uch as sodium or calcium, according to the 
quation-

Metal+hydrogcu ion = m tal ion + hydrogen 

th hydroxyl being now th e anion of th e base which ha b en 
form d . On th other hand, water will r e-act witb trong 
acid -fm·miug element. ·, such as hlorin c OJ' fluorin e, chlorine ion. 
or fluorin e ion: being formed, and an equal amo11nt of hydroxyl 
ions hein g discharged. (\\'hat hap1 ens to t he di harged 
hydroxyl need not c011 ·ern 11 . here.) All aqueou. . olution 
t her forr contai11 both h,vdroo·en and hydroxyl ions. But 
. in cc th P amon11t of ionization of water i very small, in all 
di lu te solntion. t he on entratiou of the anioniz d 'vat I' i 
pra.cti al l_,. onstant. from whi ch an be deduced (by a Jl'O es. 
of n a. oning whi •h . 1 a t.> forb ids m to r procln e) that the 
pro lu ·1· of tht con ·entratiom; of th hydro()' 11 and hydroxyl 
ion in all hlute aqueous soln tion. must also be con:tant. 
Tha t i.·. if we i.n cr easr the coneentratio11 of hyclroO'en ion by 
adding a id , tl1at of th hydroxyl ion mu. t d •rease in lik 
p eoportion and vie ve1·sa. This n':nlt has an important 
be a ri n p; on th e rn ti ng of iron . 

Although in any elrctr lyt • only a portion of th e mol cul 
<11'(' ionized. still the ion. ar in equilibrium with the ionized 
mo lrcul es. o that, if an~· of the ion. are r moved from. olution. 
more mu. t be found bv ionization of the neutral mole nle. 
until th e latt 1· ar e useci np . 'l'hus, althou gh pur wat r con­
tains ver~· f w hydrogt•n ions. if any of them are li. char"'ed 
mor , ·an b f J'med from th e r esidual water , along with an 
equal 1111mb r of h~rdroxyl ion: . Simil ar ly for acid mol e ul s. 
'l'he t• le ·t rolyti hypoth esis of rusti11g is thu s merely an exten. ion 
and dc•v0lop nwnt of th e older " acid " hypothesi. . In th 
first plac·e, the initial atta ·k of a ids on iro11 is r e£ rred to th e 
h_y hog-en ion : in th · ond plac water, being a om·ce of 
h~· drog n ion , mu:t b regard d a. an a id, if only a .f eble 
one. On tit old er view, th a tion of water on iron would 
b ck ribecl as givin g f JTOn h~· droxides plus h~·drogen, or-

F e+2 Ll , O= Fe ( 0 II ) • + U , 

n th el ' ctl·olyti c hypoth e. i. we hav : iron plus h~· h·og·en 
ion.- form f rrou. ion. plu. hydroo· n , or-

F + 2 H + = F e+++H • 

The tendency of a chemi al reaction to tak ] lac i. in­
er as 1 by in cr easin g th e conce11tration of the r e-acting 
.·nb. ta n ·es, and decr ea. 'U by i11 r a i11g the con ·entration of 
t he p r·odn t. . although th eff,ct of th e latter i 11ot so mark cl 
in t hE' a. e of i1Te er . iblr r e-action . 'J'h attack on the iron, 
t her for , should bl.' . timnlatecl b)· in r a. ing the oncentration 
of hytlrog n ion. and retard cl by in r easing that of ferrou . 
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ion and gaseou. · hydrogen. 'J'hns, when water or a olution 
'vhich is very feebly acid acts on iron, th e r e-action will quickly 
be brought to a standstill. 1n t he first place, the H+ ion will 
be rapidly u. eel up until their concentration r eaches that 
p roper to pure water , after which ferrous hydroxide will begin 
to fo1·m. As th is sub. tance, a I though sparingl y solubl e, is 
much more completely ioniz cl than is water , hydroxyl ion 
·will b form l along with ferrous ions, and in consequence 
the concentration of I-I+ ion . will get . mall er and smaller. 
ln t he ·econcl pl ace, th e liberated hydrogen tends to form a 
protective film on the surface of the metal. 

H re, however , comes in the second factor in rusting, the 
oxyge11 of th air, which acts in two ways, :fir tly by r emoving 
both ferron: ion. and hydroxy 1 ions from solution and forming 
wit h them hydrated ferri oxide (ru st )- . 

4 Fe++ + 4 OH- + Oo = 2 F e2 0 3 2 H , 0. 
econdl y by oxidi. ing th e hydrogen as fast a: it i. liberated-

2 II , + O, = 2 IL 0. 
For ordinary ru. ting, th erefore, th e action of both water and 
oxygen i necessary, but of cour. e in the presence of acids, and 
of alts like magnesium eh loride, which r eadily act on water 
to form acid , the metal may b cor-rod cl in ab. ence of free 
oxygen . In th e latter case, however, if oxygen be afterwards 
admitted, t he ferrous ion. · in solution will usually he oxicli . eel 
to ru. t, a: befor e. 

EFFECT OF EX'l'E l~Nli L CONDITIONS ON 'l'JJE COI~ROSION OF IRON . 

Air or oxyge11 , even in th e presence of ·mall qua.ntitie 
of wa.t r vapour, has no en. ible action on iron until a tempera­
ture ap1 roa.ching 200° C. is r each d . The chara.cteri tic films 
of oxide th 11 begin to form, th e colour of which is taken a 
a rough scale of temperature in tempering steel. As a measure 
of temperature, th colour is only permis ible if the time of 
heatino· and the nature of the metal are fairly uniform. I t is 
pos:ibl e, for instance, to obtain a deep blue by prolonged beating 
below 200° C. On h atino· to high temr erature: , the coating 
of oxide bt>come. thicker, forming th e well-known " mill scale." 
The oxid e films produced. in this way consist chiefly of the 
bla k magn etic oxide, which is a. somewhat inert sub. tance. 

'l'he same oxide i. produced wh en iron i · heated in steam 
in absence of air to temperaturr: above about 350° C. This 
is th e es. ence of the Bower-Ba.rf'f I roces for producing a black 
:fini. h on iron an cl .. teel. o long a. the coating is intact, the 
metal i well protected against corrosion unl ess exposed to 
. trong acid., but if tb e film is broken through, the exposed 
metal will ru. t rapidly. 
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It is found t hat iron does not rust in moist air unl ess 
t he temperature fa lls below the dew point and liquid water 
is actually condensed on the surface of the metal. Specimens 
have been preserv cl in European mu eums for many years 
·imply by maintaining the temp eratur e of the room above the 
dew point. Sin ce at a given temperatur e t he vapour pressure 
of water in capillary . pace is les · than at a free surface, it 
follows that dew will de] osit at a higher temperature in capill ary 
. pace for a o·ive11 amount of m oistu re in che air. Hence t11e 
well-known fact t hat a polished su rface rusts less easily than 
a rough one of the same metal. Th e stimulating effect on 
rusting of r ust itself is also partly clue to this cau se. The fact 
that " busy " iron or . teel , su ch as railway r ails in constant 
n e, rusts les.· rap i 11.' than metal which i lying· idle, is probably 
clue to t he r ust being shaken off as fast a. it is formed. The 
protective action of oil and grease is du e to their water r epelling 
natur , although they arr permea ble to air and water vapour. 

As oxygen i. necessary to rusting, t he concentr ation of the 
oxygen in the air or dissolved in t he water influen ces the r ate 
of attack. H ence r ust ing goes on rapidly '' between wind and 
water, " but much slow r in deep (fresh ) water or in deep 
well ., wher e the oxygen cannot be ·o quickly r enewed. For 
the ame rea ·on, rustin g will go on faster inside a pipe t hrough 
which water is flowing than when the water is till, as in a dead 
end. D e-aer ation of boiler feed water is an effective means of 
preventing corrosion, provided free acid, or a salt which gives 
rise to fr ee acid with water, is absent. Othenvise alkali should 
be added a. well. 

Corrosion is mark dly stimulated by t he action of light. 
Ri e of t emperature honlcl also in crease the rate of attack. 
we1·e it not that gase (oxygen, carbon dioxid e, etc. ) become 
le .. , soluble in water a t he t emp er ature o·oes up. 

Biological influences are sometimes of moment. The growth 
of cer tain bacteria is greatly stimulated by th e presence of 
iron in the oil , and colon ies of su ch bacteria are sometimes 
found on the buried parts of iron stru ctures, a.:q cl by secreting 
acid stimulate the corrosion of the structure. . Acid. are aLo 
·ecreted by earthworm , an d by the roots of plant . 

Th e efT- et of substance. in . olution is of gr eat importance, 
even wh en u ch sn bstances are themselves left unaltered by 
the corrosion of the metal in contact with t he solu t ion . Some 
, ub tances stimulate, oth er s (called b~r Cushman " inhibitors " ) 
r etard corrosion ; but it frequ ntly h appens that the same 
ubstance will fall under one head or the oth er , accor ding to 

it. · concentration. Th e inhibiting action of alkalis such as 
eau. t ic oda, lime, or even ammonia, if not too dilnte, is well 
known. Th e action of th ese sub tances is obviou.. Seein g that 
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they ionize in solution forming hydroxyl ions, the hydrogen 
ion from the water is reduced to an excessively small con­
centration. 'fhe first effect of the addition of a neutral salt 
is usually to stimulate corrosion, but, after a particular con­
centration, the '' critical '' concentration is reached, further 
increa e in concentration lessens th e rate of attack towards zero, 
th e '' limit concentration '' being then reach ed. The actual 
amounts of the critical and limit concentrations will depend 
on th e nature of th e alt, temperature, etc. In the case of 
some . alts, such as sodium carbonate, the drop in the rate of 
corrosion from the critical to the limit concentration is very 
rapid . 'l'hi. · is of some intere.t in connection with boiler water 
which has been softened with sodium carbonate, as some excess 
of thi . ·alt is frequently present. Obviously, the concentration 
of the sodium carbonate shou ld be either very small or well 
above the limit. A. · both th e critical point and the limit are 
at a conce11tration of abont 0.1 per cent., it \¥ould seem to 
be nnde.-irable to blow off th e boiler too frequently. In the 
case of very many . alts, of which . odium eh loride is an example, 
however , the critical and limit concentratio11s lie much further 
apart. In fact, it very frequently happen. that the limit is 
not r eached before the solution is saturated. vVith sodium 
eh loride the critical con entration is about 5 per cent., whilst 
in strong brine, although corro. ion is not zero, it is far less 
rapi 1 than in pure water-a fact well known to marine engineers. 
In th e case of .-ome salts, notably th e alkaline chromates, the 
critical and limit concentrations are very small. Such sub­
. tance.- are therefore typical inhibitors, and are often used in 
boiler water as such. 

Of more practical inter e. t a1·e solutions containing more 
than one .-alt, e.-pecially wh en we have stimulators and in­
hibitor.- togethe1·. In . uch cases the greater th e amount of 
stimu la tor pre. cnt in the water, provided its critical con­
centration is not exceetled, th e more of the inhibitor will have 
to be added to stop corrosion. It is in such case. , probably 
on acconn t of the incr asecl electrical conductivity of the water, 
that pitting is very lik ly to occur, for, as will be shown later , 
this is a 1 mo. t certainly associated with lectrolytic action. 'l'lw 
action of . alts is v T:v full y considered in ]! ri end 's book, to 
which r eference has already bec11 made. 

It is p rhaps wo1-th while to apply the foregoing results to 
the .-pecial ca.-e of th e Goldfields water main, which has corroded 
badly, chiefly owing to th e preselJ Ce of eh lorine ion and 
magnesium ion , together, in the wat r. As is well known, th e 
problem was submitted to a committee of engineers and 
chemi. ts in TJondon , in cl nding th e late Sir \Villiam Ramsay, 
m1d th i.- committee recommended the r eduction of the oxygen 
concentration as far as possible by de-aeration, bnt, as de-
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aeration cannot be complete in practice, and as magnesium 
chloride is present, which will attack iron slowly even ~n 
absence of air, they . ·uggested th e addition of a small amo.unt 
of lime as well. Outside, the p ip was to be treated with solid 
lime, which , as experien ce with r einforced concr et e shows, is 
sufficiently concentrated to protect the iron in the presence 
of air and chlorides. 

EFFECT OF 'l'HE TR C'l'URE AND COMPO ITION OF THE METAL. 

The physical . tate of the metal is of importance, as want 
of homogeneity stimulate . Even th e purest metals, however, 
ar e not homogeneous if cr y. talline, th e cr ystals being ap­
parently cemented together by thin layers of amorphous (non­
cry talline ) metal which i more susceptible to attack. In 
·uch ea. e corrosion is seen to follow the crystal boundaries. 
The coarser the structure of t he metal, the greater will usually 
be the r ate of attack. Thus, \"/iThyte (Transactions, Faraday 
Society, loc. cit. ) cites th e case of the marked corrosion of a 
section of mild . t eel. water main as compar ed with the r e­
mainino- ections. Chemical anal ysis showed no difference in 
composition, but an examination of th e micro-structure r evealed 
a very coar ·e s.tru~ture with larO'e ~rystals of fierite segr egated 
from th p arhte m the faulty . ectwn, showing that th e metal 
had b en badly burnt during manufacture. 

As is '"ell known, contact with a chemically less 
active metal is a frequent stimulus to corrosion. This is usua lly 
r eferred somewhat vaguely to '' galvanic action,'' but it is 
only in the special cas of the di. solving of a metal, uch as 
zinc, in acid that the mechani.·m i. at all understood. It is 
found that metals differ greatl_:y in the ease with which hydrogen 
gas can be evolv cl from their surfac , although th chemica 1 
action may r emain th e ame. Zinc, lead and mer cury offer a 
r elatively greater r esistance, whilst p latinum and iron offer 
hardly any r e. istance at all. Hence, pure zinc, in spite of it. 
gr at chemical activity, di :olves onl y slowly in acid, but, if 
i t be connected with a piece of iron or platinum immer sed 
in the ame solution, vigorous action ensues, zinc passing into 
solution to form zinc ions, and an equivalent amonnt of 
hydrog n ions being pu:hed out of solntion on to the other 
metal and then dischar ged, forming gaseous hydrogen . In 
. uch cases an electric current flow .· from one metal to the other , 
wh ence the name " galvanic action. " On the other hand, con­
nectino- the zinc with lead or mer cury will produce no effect. 
T ncrea eel corrosion, due to want of uniformity in a metal, may 
be due to a similar action , one portion being attacked, whilst 
hydrogen eith er is liberated or combin es with oxygen from 
t he air on a neigh boring 1 ortion. At th e same t ime, an electric 
current will flow from one portion to another through th e 
metal and back again through th e soln t ion. The timulating 
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action of small amonnts of . ·alts may be largely due to increased 
conductivity of the solution . 

An interesting case of galvanic action of a different kind 
was r ecently brought to my notice by Mr. T . N. Kirton, of the 
Gov rnment Analyst ' Department. For the protection of a 
ma ga7.ine against lightning, a trim1gular sy.-tem of conductors 
on t he roof wa · connected to three copper plates buried in 
th e ground, and paced symmetrically about 35 feet apart . 
The ompo ition of the copper and th e natnre of the ground 
appear ed to be uniform, yet one of the plates had corroded 
bad ly, whilst the oth rs had not. On examination it was found 
that a downspout from th e roof had been arranged to dis­
charge over the plate which had corroded, in order to improve 
t he electrical co11ta ct with th e ground. This of it elf would 
not have matter cl., but th e roof had been painted with a 
mixture of lime and .·alt, so that this particular plate wa in 
couta t with a tronger . olution of .-alt th an th others, thus 
increa ing its tendency to be converted into ba . ic chloride. In 
fact , th e very pe1·fection of the electrical connection· was the 
eau. of th e tronhl e. Had th e plate.· been cmmect cl. to 
. eparate condnctors, thi . " cone ntration cell " would not have 
been . t up. 

A specia 1 form of cl isintcgratwn i ometime found in 
pu re metals a. well a. alloys, which , although it is not trictly 
corrosion , . houl] be mention ed. Most metals, even 'vhen slowly 
cooled, are left in a condition which i table only at high er 
temperatur . , and in consequenc thus have a tend ency to 
change into anoth er (mmally cry talline) form, which is more 
stable at ordinary tem1 eratur . . A change £1-om one crystalline 
form to anoth er will caus th e metal to crumbl e to a 'ma.. of 
loose cry. tal. , f1· qucntly without cha11ge in composition. 
Fortunately . uch change i exce sively . low under ordinary 
conditions, ot henvi . no metal structure. would be po sible. 
But under . pecial condition., such as continued vibration or 
contact with solution of alts of th e metal, the change may be 
t imulatecl. . rrh e failure of tanks and other vessels of lead is 

. ometimes du e to thi . cause. The prese11ce of . oluble sulphate 
or other ub. tan ce. which will prev nt th pr esence in solu tion 
of olubl c 1 ad alt will u nally hind er th change. Tin . how 
a . harp trm1 ·ition point at 18° ., the stable form below that 
temperature being a loo. e grey m·ystalline powd r. By x­
po m·c to long con t in necl. cold , as in a European or Canadian 
winter , omplete change to the grey form frequ ntly r e ults, 
with consequent d.e. truction of th e original article. On r e­
melting the tin is r estored to th e compact whit form without 
change in weight. 

Lead, of cour ·e, shows ordinary corrosio11 a. well, beincr 
rapidly attacked by water conta ining carbonic acid and oxygen 
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in solution. Small quanti tie. of alkaline salts such as sodium 
carbonate and nitrate have a strong inhibiting effect. oft 
peaty waters attack lead. Hard waters usually do not. 

'l'hc influence of the omposition of metals on their corrodi­
bility ha. been ext n ively studied, espe iall y in the case of 
iron and ste l. Corrodibilitv . eems to incr ase with add it ion 
of carbon up to about 1 ·per cent. , and th en to decrea . e. 
Percentage of carbon has, howev:er, much le s influence than 
the heat treatment which th e metal has r ceived . Thus in the 
case of a tool steel , the harden ed steel (:Marten ite ) and the 
completely . oft ned metal (P earlite structure ) wer e found to 
be relatively stabl e, whil. ·t steels whi ch had been heated to 
intermediate tempering temp rature. wer e moTe rapidl y cor ­
roded, a maximum being r a ·h eel with m eta 1 temper ed at 400° C. 
(0. moncl i te) . 1'her i little to choo. between teel and oft 
iron . corrodibility beino· influ ncecl largely by the mechanical 
and ' h at treatment of the metal. 

Nickel . teel. r e. i. t corro. ion, 1 nt when corro. ion ha once 
·tarted it i.· said to go on r apidly . Evid nee on thi point i.·. 
however, conflictin g. hrominm mark clly r e ~uces corrodibili ty. 
A chromium st 1 containing about 12 per cent. of chromium, 
0.3 per cent. of carbon, 0.5 per cent. of cobalt, and a littl e 
ilica and manganese, ha . been pnt on the market by Th o ·. 

F irth and ons, of Sheffi eld, und er the name of '' sta inles. 
t eel. " Tt i: not attacked by salt solntion., fruit jnices, vi11 egal'. 

etc. 
rrh e pre. ence of . ulr hur, esl ecially in th form of man­

gaue:e ulphid c, gr atl y . timulat s the corrosion of iron and 
teel , the sulphur r adily oxidising to sulphuric acid in 

p r s nee of air and w11t r. Pitting is very apt to occur in 
·uclt metal., owing to the particles of manganese . ulphide 

p r e ent in the metal. 1~ erro ilicon all oys, on the other haud , 
containing 15 to 20 per cent. of . ilica, are r emarkably r esistant 
to corrosion , but nnfortunately they are brittle and diffi cult 
to ma hin . 1'hey ar e used, however , for chemical pnrpo:es. 

rl'he corro. ion of bra. s how. . om point. of inter c. t. 
Bra .. e: containing up to abo ut 37 p r cent . of zi11c consist of 
a homogen eou. olid . olntion, whil t those containing up to 
abou t 45 per cent. of zinc (Muntz Metal ) con. ist of cr ystals 
of two solid solution , ide l y side. As mi ght be expected, 
Muntz metal is more easily attack cl by acids or hy electrolysis 
than ordinary brass, but, rath er curiously, is less attacked b~· 
, ea water. Th e init ial corro. ion of brass and Muntz meta l 
consists in complet e r emoval of zinc crystal by cry. tal, there 
being a . harp boundary between the r esidua 1 copper and the 
unacted-on metal. At a later stage the copper al. o will be 
atta cked. The add ition of 1 per cent. of tin or 2 per cent. of 
leAd ha be n found to m a kc bra .. mo1·e re. i. tant to corrosion. 
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p robably by the formation of a continuous film of lead or tin 
oxide. Small er quantities of these metals, however , are worse 
than useless. 

PRO'l'EC'l'lVE CovERJ N GS. 

These can be discus: ed only very briefly her e. A fairly 
full treatment will be found in Cu.·hman and Gardner 's book. 

Linseed oil varnishes and japans ar e not :ati factory coat­
in gs for iron and steel. Not only ar e they u . uall y porou.<,; 
after drying, but they absorb fr e hydrogen , and t herefore 
actu all y timulate corrosion . Th e addition of suitable pig­
ments, however , makes a good protection, but again many 
pigmen ts ar e stimulators. P igments which conduct electricity, 
:uch as graphi te, or tho. e which ar e fairly soluble in water , 
, nch a. gyp. um, shoul d be avoided. Lead and zinc paints ar e 
usu ally good, zinc chromate being one of the best inhibitors 
known. A pigment which ha given great satisfaction in Ad­
miralty pr actice i: zin c dust, as it absor bs oxygen, and the 
r esulting zin c oxide' is it. lf an inhibitor . On the whole, linseed 
oil , eems to be a satisfactory vehicle, but is impr oved by the 
addition of copal varni. h. a tural bitumens ar e good pro­
t t or., but become brittle on exposure to light . Artificial 
bitnm ns made from tar are better in this r espect , an d are 
improved by aclmixtnrc with lime, which n eut ralises acids an d 
oth r corrosive sn bstan ces. Galvanising is an efficient protection 
if nni form and thick enough, but frequently thi is not the 
ea e. Thin galvanising corrodes r apidly . Tin and copper , 
being f'l ctro-negative to iron , stimulate corrosion if the iron 
is exposed, and , 1111fortunately, it i. diffi cnlt to produce a 
coating of tin which is fre from pin hole . . 

It will be seen th at the , n b je t of corro ·ion is ver y large, 
find only th e fringe of it ha. been touched in this pap r . 

END OF VOLUME Vlla. 
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VOL. VIII. 

PROCEED! 'CS- WESTERN AUSTRALIAN INSTITUTION OF ENGI NEE RS . 

(Incorporated) 

PAPERS AND DISCUSSIONS. 

The lnstitution is not responsible, as a body, fo r th e facts :t nd opinions advan ced 
in any of its publicat io ns. 

GENERAL M EE'l'ING JIELD A'l' 'l'llE IN ' 'l'l'l' TION 's RooMs, 
PER'l' ll, ON APRIL 4, 1917. 

PRESIDENT LAL ADDRESS. 
BY WrLLIAM J. I-hNCOCK. 

In accepting the office of President of this Institution, I 
beg to tender to you my thanks for the high honour you have 
conferred upon me. It is an honour I much appreciate. I 
fully r eali e that it carries with it r e 1 onsibilities, and I trust, 
wit h your a ·sistance and consideration, I .-hall be able to 
maintain the office of President on the high level of m.y pre­
decessors. At this time, when our thoughts are one ntrated 
on th , terribl e struggle raging in Europe and on th e higlt 
seas, we hear but the echo which warns u · to prepare for all 
events and to r elax no efforts to help to defeat a powerful 
and rutbl e ·s foe, and we honour tho. e men and fellow members 
of thi.- Institution who have answered the call of our country. 

rro engineers the war has a specia l. interest, ' ince it is a 
war in which the engineer and th e chemist have taken o 
prominent a part. Ts it not a nproach to civilisation that 
the for ces of science, engineering and chemistry, ar e being used 
to the uttermost to destroy th e works of industry and art, which 
in time of peace they had assisted so much to build up ? And 
tbe civilisation upon which we so much pride ourselves appears, 
after all, to be but a veneer, to di. appear with the first ex­
plo ion of war. 

The first duty of a President of this institution is to read 
an address at the beginning of his official career. I have, 
ther efore, chosen for my subject this evening a brief r eview 
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of electrical progress in thi State. \Vhen l began to compose 
my address, 1 soon realised that it would be impo ible to go 
into much detail in the short time at my disposal, a11 d it 
became a question of condensation, rather than expan:ion , of 
historical data. I feel sure that ther e are many member of 
th , lustitution who would be well able to supply iJt te resting 
data of e;-n-l y eugineering works, and I would appeal to mem­
bers not to let t h inter esting history of engineering of early 
days in thi tate be lost. 

'l'ELEGHAP B.S . 

'l'he earliest electrical engineering in the tate, a m most 
countrie , wa in connection with electric telegraphs. The first 
telegraph line wa con. tructed in 1869, from P erth to Fremantle, 
by th e private enterprise of Mr. Edrnund tiding. The fir t 
pole of this line was erected on 9th F ebruary, 1869, near th e 
then William Street jetty, and the line was op ned for traffic 
on th 31st June of the same year. 

Owing to the succ ss of thi. enterprise, the Electro­
Telegraph Company was formed in the following year, to er ect 
telegraph lines to other town , and the first pole of this com­
pany's line to Gnildford , York and ortham was erected in 

t. George' 'l'errace by Governor Weld on 13th F ebruary, 
1 71. All th e e lines wer e subsequently acquir d by the 
Government. 

'l'he telegraph line to Albany was built by the Government 
and opened on the 21st D cemb r, 1872. 

Th fir. t pole of th e inter colonial line to Eucla was erected 
at Alban .v by th e Govemor 011 1 t January, 1875, and th e line 
was completed to Eucla, 1,006 mil e. , on 8th December , 1875, 
and th next cla.'· telerrraphic communication was completed 
between P er th and Ad elaide, over th e new Sonth Australian 
1 ill . 

'l'he telegraph was extended north to Geraldtou in 1874, 
and over the ~a ndy ancl wat.erl es country along hark ' Bay 
to ar na rvon, On. low a ncl Roebonrne, in 18 5, and in th 
same year con tract were 1 t with Me . rs. I atim r , l rk and 
Mui.J·head and_ C'o., a w 11 -lmown firm of telegraph engineers, 
to construct t he li11e from Roebourne to Broome and Derby. 
\Vith th e discovery of gold il1 th e Kimberley district , the line 
was pnsh ed on to Hall ' r eek and to Wyndham, the most 
northern town (2,102 mile ) from P erth, where the telegraph 
offic wa opened in January, 1893, over 24 year: ago, and 
by wa~· of inter esting comparison , Wyndham i: a lightly 
greater llistance from Perth than Constantinople is from 
T.Jon<l on. 

In th South-We. t direction , th e t el graph lin s wer e 
C'xtencled to Bunbnry ancl Bns:elton in 1 71, and when the 
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lighthouse was built at Cape Leeuwin this station became the 
mo t southern point, 228 mile from P erth. The telegraph 
to Kalgoorlie, Cue and Marble Bar was opened in 1894. 

Th e early telegraph line were constructed of sawn wooden 
poles, with Siem n' iron hooded insulators and galvanised iron 
wire of o. gauge. On th e line north of Geraldton, on account 
of th termites, or white ants, iron tubular poles were adopted. 
Ther e was little or no ettlement in the early days, and the 
telegraph tations wer e many miles apart. In many of those 
long cl solat : rct ion water was unobtainable, and, for the 
u of the Jinem n, . pecial ipon tanks wer e erected at sometimes 
20 to 30 mil es apar t, and in these sections, inhabited only by 
the native .. , tbe linemen often ran great risks in performing 
tbeil· dntie. . ometime after a weary journey over hot sand 
th lineman , with his horse and cart, would arrive at a tank, 
only to find that th e natives had driven a hole into the bottom 
to obtain a clrillk, and th en let the r est of the water run out 
into the and. In other portions of the North-West line in 
the rain.'- easons th river might come down a. banker and 
pread over the country for miles, sweeping away the iron 

pole and wire, and gr eat credit is due to the hardy telegraph 
lineman. who had to go out at any t ime and in any weather 
on hi. lonely insp ction to repair a broken pole or wire and 
re tore communication. The type of instrument used through ­
out the telegraph servi ce of th e State was the ordinary Morse 
:ounder, and on some busier circuits, duplex and quadruplex 
w re adopted. With the gr at increase of traffic as a result 
of th cli. cov ry of gold in the Coolgardie district, Wheatstone 
autom atic in. trument were obtained . Owing to the heavy 
traffic: "'ith the Eastern States, and the occasional breakdown 
and t r onbl with the insulation for high-speed work along th 
coast to Eucla , a new line better insulated and equipped wa 
built further inland. tarting from Dunda , via. Balladona to 
Eucla. 

Dnrin"' the period I was Superintendent of Telegraphs, I 
obtained authority to r einsulate everal of the main lines with 
a hi gh r lass of in ulator, and ultimately the old iron hooded 
insulator di appeared alto"'ether. 

In ome places hard drawn copper wir e, 200 lb . per mile, 
hi! been n ed along the railway sections not affected by bush 
:fires. 

A telegraph circuit such as that from Wyndham to Eucla, 
part]~, inland in the tropics, and over long stretches of dry 
·and plain , to the more temperate south, and eastwar d along 
the cliff_s. of th Australian Bight, presents a unique variet~· 
of con(ht~ons . On the long ection, over sand plains, durin g 
a spell of v <>ry dry hot w ather, the electro. tatic state of th e 
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line frequently r enders it impossible to oper ate without a 
partial arthing at both ends. While on the Eucla section, 
where t he telegraph line runs for many roil · along the cliff 
close to the sea, and snbject to the heavy salt-laden breeze.· 
from the Southern Ocean, effi cient insulation was often diffi cult 
to maintain. 

As an instance of the use of a long telegraph circuit in 
determining longitude, and as the distance is probably the 
longest on record, it may be inter esting to r efer to experiments 
carried out in 1890. Th H.l\II.S. Penguin was engaged in 
carrying out marine . urveys of th e North-West coa. t , and 
Captain Osborne Moore· was anxiou. to accurately d termine 
the longitude of Broome (Ro buck Bay ) . In consultation with 

ir Charl es 'l'odd, of th e South Australian Telegraphs, we 
made the nece sary arrangements on the Western Australian 
section for accurate automatic repeating from t he Adelaide 
Observatory to Broome. On 30th Octobel', 1890, at noon, all 
traffic wa stopped and th e clock beats of th e sidereal clock at 
Adelaide Observatory wer e . ent over the wire along the shor e 
of the Bight, via P erth, to Broome, where Captain Moore was 
able to compare th e clock beat. · with his chronometers. The 
total distance was 3,567 miles, 2,486 miles being in Western 
Australia, and 1,075 miles in South Australia. 

The r etardation due to the instruments, being about .38 
seconds, and th velocity of electric transmission being taken 
about 16,000 to 18,000 miles per second over the iron wire 
from Adelaide to Broome. 

Similar t ests wer e made between Adelaide and Fremantle 
and Albany. All the tests were very satisfactory, and vve 
received the thanks of the Hydrographic Departm ent of the 
Admiral ty. 

The telegraph system of the State, which began in 1869 
with two stations and twelve miles of single line, and gradually 
developed to 167 stations, 6,111 mil es of pole line and 9,104 
mile: of wire up to 1901, when t he telegraphs and telephones 
were taken over by the F ederal Government. At the end of 
last year, the total number of mil e. of pole line reached 8,791 
miles and 16,728 miles of wir e, and J t hink it is greatly to 
the cred it of the State that the more difficult and greater part 
of the telegraph lines were bnilt by t he State, for the wire 
stretched from Eucla to Wyndham, a. distance of 3,131 miles, 
as far back at 1893. 

Shortly after the telegraph line had bee11 er ected between 
Derby and Hall ' Creek, much troll ble wa.: caus d by the 
con tant . mashing of the insulators by the natives, descendants 
of the Stone Age man,· and who . till u eel t he .tone spear heads 
and axes. 
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With the advent of the telegraph, the porcelain insulator 
offered a new and attractive substitute, and the uniform 
material and manufacture wa as much appreciated by the 
native a by th e telegraph engineer. Th natives climbed the 
poles, and then with their stone axes ma hed away the insulator, 
and from th e broken pieces made excellent spear heads with 
the wonderfully accurate en·at d edge . The Cordeaux in­
sulator was a convenient shape, and the natives soon learned 
to break th e insulators to th e be. t advantage, and not a f ew 
gold seekers and more than one of the t elegraph linemen have 
been kill ed by tbe native spears . Wh en I was in Derby some 
native. had been caught by the police breakino· the insulators, 
and I induced the native. to mak . ome spear head. befor e 
me, and it was most inter esting to watch the native, with his 
primitive method., convert a mod ern t elegraph insul ator into 
what might be alled a prehistoric weapon. 

\'\ hile the problem of protecting the insulators from the 
natives was still unsettl ed , reli f came from an unexp ected 
quarter. Th rush to the new Kimber ley Gold£eld brought 
with it new material in the shape of whisky and gin bottl e , 
and as the e mblems of civilisation were strewn about freely 
along the path to Hall ' Cr eek, and wer e easier to obtain than 
by limbinO' poles, the teleo-raph insulator soon became un­
fa. hionable, much to the advantage of the telegraph . m·vice. 

I might mention a: an inter stinO' comparison of native 
idea that while our North-vVe. t n a.tiv s only u ed the porcelain 
in. ulator , the native of North Queensland cut down th iron 
wir for th ir . pear:, and leav the in ulators alone. Ethno­
logists might look on this differ ence in native cu toms a an 
advance from th tone to the Iron Ag , but n either custom 
wa. much appreciated by the telegraph engin eer. 

Honour i. clue to the t elegraph engineering staff and 
surveyors of the pioneer clays, who carried th e telegraph line 
through many a mil e of nnknown country, in fa ce of unknown 
dangers, and their work is worthy of r cord in an Tnstitntion 
of Engine r .. 

rl'ELEP no IE . 

I had the honour of install ing th e £rst t ele1 hone exchange 
y tem in the tat , in 1 7. The original exchange building 

con. isted of a. mall cottage in ·Wellington Street, n a.r the 
1·ailway bridge, and facing Barrack Street. In one room wer e 
er ctecl two witch board · of \Vestern Electric make, of the 
shutter and plng cord typ , the capacity for each board being 
fifty . ub ·cribers. The oth r room. wer used a. office and 
>;tor s, whil e the kitchen made a very convenient instrument 
work. hop and a good yard offered excellent accommodation 
for tacking poles and con . truction mat ria l. 
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Th e exchange wn: OJWn ed on t he 1 t D e mbcr, 1 7, with 
even teen subscribet·s, the charge beino· £12 p er an nllln, and 

wa: open f rom ' a .m. to 6 p.m. Th e t el ph01w sy. tom . ooD 
in ol' ascd, aud afte1· fonr months' working r eached fifty sub­
st·rihcr., and then we op noel th · exchange day and night. 

rrh e original inst1'1JilH'llts wer e of th magl teto type, ami 
t his ~ · stem was tt st>d 11p to th e introduction of t he automati e 
:y. t ·m in 1914. 

Th e utsicl e constrnct i 11 woek consisted of jarrah pole ' 
:3;) ft . long, . quare tapered , wit h t nart ·ross arms. 'ordeaux 
insnlator. and hurd cln1wn opper wir of 200 lb . p er mil e. 
1\Ian~· of the whi te pa in ted and hea vily laden pol e have been 
familial · objeds i11 tlw s1 red: of: Pert h and l<' t· ·man t le until 
a fe " · y a1·s ago, when th ey wer e r emoved to g- iv way to a 
]l(•tt r ~n·. t m of nncl er g t·oltllcl ea hl e: . 

·wi th t he oTowth of: th e telt>phonc syst ' m , t he cottage in 
·w llill gton 'trec't soo n I c• ame too sma ll, and in 1 90 n w 
~mitehboat •tl s WPJ'e in st;-J II ecl on th e to] floor of th e G n r al 
P ost Offi ·c•, and t iH' syst c• m divt•l'tc•d to the new x ·hange. 1n 
eo ut· · of ti 111 , th i. exchange gav wa y to the 11 cw automati c 
. ystem, ":hi •h was in .-tal lccl in tlw n ew 'l'el( phon Exchan ge 
B11ilcling i11 :Munay Street in 1914. 

, 'imnltaneou . l~ · \r ith t he op niug of t he first exchan ge ill 
P erth , fou r tru11k 1 im•s wer e e1·cctecl to Fremantle, and the 
fi 1·st (•xchange in Frema nt le wa. opt>n cl with nin ' . nbscribcr. 
in a ·mall room at th e ha ck of th e Tm\'11 Hall. oon aft rward . 
1 his wa s :hifted to the tt ew Post Office Bu ilding:, near th e 
railway statioJJ. rrh e new exchange at Ti'r mantl lR of the 
1ypl' !mown as t he cc•nt n1l lmttcr y ystc•m. \Vh cn th ·nb­
R ·l'i h<•J· take: th e receiver off' th e ho k , a small el ctri c lamp 
li ghts np in th e c•xchang-<', and , except for the lamp, i11 tead 
or thl' d1·op sllllttl'r and crta in ot her improvement. ·. it is a 
r rYt' t's ion to on e of t he old est Pxchan ge s.vst •ms. 

'l' he tc'lc>pho n(' sprvicc• h<J s i ncr easecl from on ex hang wi th 
sevP nt P<'n s11hse t·ilw r . in 1, , 7 t·o th e foll owing at th nd of 
h1. ·t ,\Pa l· :-

hx ·hanges . . . . . . . . . . 
lnstn tm t> nts . . . .... . 
Bx han gc lin es (metalli ) 

nd ergT01111 1 onclnits .. 

]05 
10, 52 

6,620 mil e. 
52 

In th e ea rl.v cla.\': th e• railway t ekphom•s w r maintained 
h)• t il t> 'J'elephone gx ·hange nn cl r the D Ppa t·tmcnt of \Vorlcs 
aml H.ailwa~· s, and bc•f l'e tllC' t>l cctric in tt> t·l o kin g s~rstem wa. 
intJ ·oc ln ced the traffic W<J . controll e 1 l y i t>leph ones a n 1 taff 
system, tlw t t>lephone in strum e11t. 1 eing comw tc•cl in series. 
ancl station eallrd h.\' eodt' :ignals. T r ealisl' cl tha t this anang<' 
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m nt was un . atisfactory a nd that the railway shonld h av a 
. pecial and responsibl e officer to ma intain t heir tel 1 h one 
sy.·t m , and th e pre ent Ra il way Electrical Engineer , wl10 
ha.· h Id th e position ever since, brought th e system np to th e 
h igh . tate of rffi cien cy t o wh ich it ha s att a i11ed . 

• L' IDI.\RINI': ·. \ BI.E . 

Onl y brief m ntion may be ma le of subm arine cabl . . 
In iclrntall,v l ma:v state that th e first 1 iecr of work 1 h ad 
to do on my arrival in this . tat was to examine th old 
t legraph able to BreakS<'H Island , out.·ide Kin g Gem·gc'. 
• ound, a ncl, finding it bp~·oncl repa ir, a n ew cable was in ~ cnt d 
and laid , a work which afford ed consid erabl e excitement , ri .lw 
at t imes. in th <' uncertain and fr<'qn nt rongh \\·eath C'l' about 
BJ'eakea. A subm arine ahl<' to Rottne:t wa. la id in 1901. 
and thi . om pl te. t he li :- t of lo ·al submarin e cable: . A. to 
th C' t cl<'grnphi c cable. conn C'e tiHg \\T . tern Australia with the 
1·e. t of t h<' wo1·lcl, alth on gh not stric1'l :v wi thin th e purview 
of t hi . paper. it ma,v be of inl pr est J·o allud e to th em. 'l'he 
fi r st o c'an :nbmarin ca bl e t b land ed on th e sh orr of \Vrstern 
An:trali<1 was in ] , 81. wh en th e EastC'rn Ext<'n sion 'J' C'l egTaph 

o. laicl a cabl e beh\'E:'E'll Ban joewangie . . Java, to Broom P. thn . 
providing 1l through ront<' f r om P erth to Europ !"ia .JaYa . 
\ncl in 1901 t h ompa 11 .,- la i<l 11noth er cabl e from CottC'sloe 
Rea ·h to o ·os T.-laml , ::'lfanritins, a nd th ence to Durban. p:iving 
::~n alter natiw route v·ia E ast or '\\ est Coa.t.- of Afri ca to 
B urop<'. In thr next :v<'ar a c11 hl P wa. h1icl acr o s tlw Pacific 
v1·a Iew ,7;( 11 lan (l , Fij i , F<'!n nin g fslancl , to Va nconv r . in 1!=1 0~. 

R .\ D IO rl'ELE(lH,.\ P II Y. 

In 1902 w fitt ed up a . mall experimental Wi1·el t: s llp­
paratus, and b.v t h co nrt e. y of th_e L od ge- Iuirh ad 'ompany, 
obtain ed th e loa n of on e of th ('ll' . y phon r ecord 1· wir les. 
appa r atu:, whi ch could be aclj11. ted to exfrem e sen.-ihv<' ancl 
short wave 1 ngtlts. 

[ nder t he \Vir elr.: T •leg r·a ph et, J 90-l:, th e P.l\J. G . had 
the C'X ·lu iv privil >ge of rad io-t el graph y in Austra li a , ancl 
granted licl'n:e: for priv11 te in:tal lation . . ln 191 :) t lw acl­
mini.-tration of t lw et was tra n. f PITecl to th e "0lava l D epart­
meJl t . 

Tn Octol er, 1909 , tend r: wer e call ed f or two hi gh 1 owr r 
:tation:, on 11 each . id of An . t ralia- namely, at y ln y and 
P rrth (Appl ro . . ) . Th e Apple r oss sta tion i. a fa ir ly high 
power . tation, and th e bnild ing. wer e crrcted by th e P nhli 
\York l) >partme11t of thi . · tat , an cl apparatus in:ta ll ecl by 
the \u trali a11 \Yirek· · 'l' elegTaph C'omt an ,v. Tt would not hE' 
proper at t lri .- t i m to give any cl r : cript ion of th is . t ahon. A 
. tati n on . imilar lin e. has been ere t cl n ar ydn y . 1 may 
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mention that communication can be held with Cocos, and at 
night, under favourable conditions, Colombo and far off Fiji 
can be heard . ending out signals into . pace. 

The Applecros. station can in tautly alter the wave length 
'Of its signals from the Commer cial wave length of 600 metre 
to the Iavy wave length, o th at th e ordinary m r chant ve sel 
·ystem do not interfer e ·with , hip of war. At the outbreak 

of war it wa. deemed advi able to e. tabli h an auxiliary wireles 
tation for shipping. In conjunction with the Military Depart­

m nt, our new x-ray J?lant of 4 kilowatts was ea ily converted 
into an efficient wir le. s installation. 

Owing to the insular position of Australia, it wa r eali. cl 
that a chain of wireless tations was r equir d around the entire 
coast-line of Australia, and to cr eate an ffective ystem two 
main fa tor hacl to be consider ed :- First, that t he stations 
hould be at a di . tance apart , o t hat each station could com­

municate with th e next and the , tation beyond it, in case of 
breakdown . S condly, that th e di. tan e apart of the stations 
shonll be govern d to a great extent by th e normal working 
rano·c of o can -going ve . els. \Vith th ese objective. in view, 
twenty-o11 e radio-telegraph low-power tation have been er ected 
around Australia and ar no·w in operation at the following 
points :- yJ.n ey, Flincler Island, Melboume, Hobart, King 
[sland, 1\It . Gambier, Auelaid e, Esp ranee, P erth (Applecro. s ). 
G ralcl ton , Broome, Roebonrne, VI yndham, Port Moresby, \Vood 
Lark 1 land, Thursday I. ·land , Cookstown, ':l'own. vill e, Rock­
hampton , and Brisbane. 

'l'h e low-powe1· station. hav a range of 500 mi les in clR~' 
tim e and , nn 3 r favourabl •onditious, up to 1,500 mil es ai 
night. 'l' il l1io·h -] ower tation. at Appl ecro ·. an l at Sydney 
each have a range of 1,250 mil es in the daytime and of 2,000 
mil . at ni ght, this being t he normal sending range. The 

ydn ey station can , th r fore, keep up communication with 
N w Zeal and day or night. 

EJ .EC1'1U C LTG II 'l'L TG. 

Th e fir.t attempt of publi electric suppl,v was male in 
1 , wh n a.. mall electric plant 1vas in. tall ed in an old buil ding 
next to the Critel'ion Hotel, in Hay treet , or rath er in Ilowick 

treet, as that portion of the thoroughfare wa.· th en nam d. 
The plant consisted of a 40 h.p . portable engine with a 15 
K.W. E lwell Parker dynamo, and the hot ·l was the fi rst building 
in P erth to 1 e wired for electric lighting. B fore the lighting 
:tat ion wa. in working order , it bapp ned t hat a ball wa to 
b given at Government House, and a. a novelty, Hi: Excellency 
was anxiou. to have the ballroom lit np by el ctri ity, and he 
con nl ted me on t he matter. I arranged with th e mana.g r 
of the n w el ctri light company to . upply t h current. As 
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the cable available wa not quite sufficient to complete the 
distance, and as there were no firms from whom we could obtain 
electrical upplie , the deficiency wa. m t by the u e of some 
t l graph wir s on temporary pole. , from Hay treet down 
to Pier tr et, and across t . George' 'l'errace to th old ball­
room. 'l'he lamps of the fir t supply were 60 volt, candl -
power, with platinum loor con)1ections, eo ting 6 . 6d. each, 
and we wer able to produce a fairly satisfactory effect o 
long a the team pre ure was kept up. 'l'he gue t at the 
ball w r occa ionally able to judge of the illuminating effect 
from a glow of red hair pin to that of a omewhat dazzling 
brilliancy. the witch board instrument. had not arriv d, 
control had to be arranged by means of a pe ial t lephonc 
lwtwc n Governmen IIou and the 1 o" er station. 

'l'he illumination at Government Hou e on thi. occa ion 
was about the maximum apacity of the plant. At all gvent , 
the fir t electric lightino· wa. a u c and greatly admir d. 
After th i ucce ·, the Governm nt decided to in tal electric 
li,.ht in the L gi ·lative Coun il Chamber , in Hay Str et (now 
the tate aving. Bank ) . 'l'he in. tallation was carri l out in 
wood casing, and th fitting and wiring were of x ell nt 
quality. I hav no he itation in . aying that the witchc and 
fitting w re far and away better in material and workmanship 
than the 11 ual cl a. s of fitting to be obtained in P rth to-clay. 
rn new l nilcling at this period ga wa. alway installed iu 
addition to the el' tl·ic light, a a . tand-b~r, a the public vver e 
not rtain of the ontiHuity of th l ctri lighting aft r a 
few experien : of bci11g I ft in th dark. 

ft r a hort life, the Ele ·tri Light ompan) came to 
an untimely end, clu to omp tition from th P rth Ga 
Company, who had obtain cl I ower to ad l electri ity to their 
ga monopoly, whi ·h they po: e :ed for a radiu of five mile 
ftom the P rth Po t Office. 

]~or . om vrar. thr el t1·i ity :uppl)' of P rth wa at 
110 volt , until. about 1 99, wh en th y tem wa · changed to 
tlw tlm:r-win~ y.t '111 -J. . .I:Q volt. for power and 220 'olt. for 
lighting. 

l n 191:3 th City 'on n il pur lulscd the plant and right 
of th P '1-th Ga · Compall)', and on tinn ed th uppl) from 
th t\YO . tatio11 . . 
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Another change is near at hand, and preparation · are ap­
proaching completion for t he change of th e city . npply fro m 
din·ct cm rent :ystem to a lte1·nating current, \-vh en the li g hting 
and power supply wil l be obtaimcl from th fom· 'it:v trans­
f r nwe sub-stations, wh ere the high tension 6,600-volt current 
f1'0m th e 11ew East P rth power house wi ll be t ran formed 
to low pres. ure, 40 cycles-250 volts single ph<'lse for l ighting, 
and 4-:1-0 volts thr e p hase for power. \Vh en thi.- chanO'e is 
rffc tecl, the gener atino· station in W ellington 'tr ect and \Vest 
Perth will be shut down. 

Gov nunent 8cl1 em r> .- T he n w East P erth pow r housP, 
which is now al most compl eted , ha.- been designed all(L eon-
trncted by :Messrs. 1\-Iertz and i cL ellan, con. u lti11g engitt eers 

for th e Governm ent , and is of mod e1·n design , and is now I al'tl .v 
in 01 eration. The e ff et of t hi. l arge ecOlJOmical centr<'ll SIIJ)ply 
of e lectricity in our community wi ll b far-r eachi ng . Already 
th :u1 pl~r ma ins from t he station strt'tch ont to Guildford 
and l\hdland Jun tion and cleliv r n rtYnt 1·o th e :nb-stations 
at 20,000 volts . 'l'he tran. mis. ion li]](•s fo1· 20,000 volt. art> 
almost com pl etPd to Premantle, wh er e th e •x istiu o· power hon e 
will in co ttrse of tim e be shut dowu and th electric . upply 
tak n from Bast Pel' th . H is but a que -tio11 of time " -hen 
th upply main_. now er ected on the south sid e of th e riwr 
will b . nppl emented by snppl ~r mains on th nort h . icle oE 
t he river, fol'min g a g ird le of electric suppl ~r, ancl snburban 
municipal i t ie such a. nbiaco, ' laremont an d ont li P •rth \Yill 
elo. down thei powe1· hou se. a nd b come linked np h.1· small 
sub- tations er ect ed at t h most r onomical poi nt.- of sum l_r, 
a tt d t he S11Jlp ly of e lectric pow r and ligh t in the nwt t·opoliJ an 
<ll'ea will th n_. cease to be a loca l mnnicipal affa ir, a nd \\' ill 
becom e a tate ·upply, similar to t he water supply <'lnd 
sewerage thronghO'Il t t he metropolitan-suburba11 <'lrea. 

It cannot be exp ected that th ese economical r esult. can be 
obtained without consider able ou tlay. T he cha ng of supply 
to P erth involves th r ep lacement of all direct cunent motor , 
fan_. and l am1 .- of 220 volts for ligh ting· ancl -±-10 vol1'. · direct 
cn JTcnt to 250 volt. for lig ht iH g and -1:-1:0 volt_., t hr ee phase, 
40 cycles, for power . Th e est im at0tl cost to th • Cit.1· of P l• r th 
will n ot be less t h <'ln £200,000. 'l' he cost of t he chan ge involved 
at l<' r mantle will not be so heavy, but it ne ·(•ssit atl•s t he alh•ra­
tion of the xisting sysh•m of 50 cycles, -±40 volt_., two-phase, to 
40 c~~ cl . , 400 volt., t hr ee-phase, for power, <'l nd fro1 n 220 vol t. 
to 250 volts for l io·hting. 

It i. expected that as t he r sult of t his chan ge of supr ly, 
a general r eduction of t he price 1 "l' unit wi ll be effect ed. 

Th e r espou. ibility for t he adoption of alte rnating ·nrren t 
forth Uity of P erth, as well as the adoption of -:1-0 cycle_., r ests 



PTIESIDEN'l'LIL ADDim . 11 

entirelY with th e con. ·u ltino· engineers, Messrs. Mertz and 
J\I ·Lellan. 

In my opinion , it would hav been better to have continued 
t lw xi. ting direct urrent SU J p·ly in th City an cl suburbs, 
ancl t hu. · . aved th e City th e great cost of altering or converting 
cahles motor s li fts fan.· and li ghtino· t lu01whout the City and 
snhurbs so as'to sn'it th e new alterna t ing urrent supply; and. 
i11stead of static transform er s, synchronons motor gen erator. 
would be installed to effect the conver . ion to direct current. 

\Vith r egar d to the periodicity of 40 cycles : While this 
has an acl'l'antage for lar ge motors, in that motor s can operate 
at 20 pc1 · ent. lower SJ eel t han similar motor. on 50 cycles, 
this a cl va111'ctg i. outweighed b~· th e fact that 40 cycles i: neith r 
B1·iti:h nor An) eri can stand ard practice, th e form er bein g 50 
cyeles, CIIld the latter 60 C.\' lcs : all(:] as Sydney and felbourne 
have adopted 50 cycles for b11lk sDpply, we shal l be somewhat 
lla nclicapp Nl in obta.inin g- 40 cy lcs motors and applian ce. in 
the fntm~e . 

Th e Naval Hase wi ll also be temporarily suppli cl with 
C1llT(•nt from Ea:t P erth for its con.tr nction work, althouo·h 
when the Naval work: are compl eted they will no doubt have 
t hei1· 0\1·n power hou se, so a to be independent of out ide 
. nppl.1·, alltl direct current will probabl y be adopted, in ac­
COJ 'd<m c • with th e . ~ · -tem prevailing in th e Navy. 

Tn the conntry district. electric lighting install ation 
. tm·ted at a omparativel~· em·l y elate, and for many year th e 
l11Illlht•I· of to\\·ns with an cl ctri city supply , .Y· tem in this 

tat0 ('xceeclecl an.1· ther tate i11 the Commonw altb. 

'!'Ill' fir. t town ontsi l e P erth to establi:h an lcctricity 
npply sta ti on wa oolgarcl ie, in 189 , a.ncl to-clay tlw total 

lll1mbe1' of t own . providing a public electric supply i. 31. Of 
th i: nnmber. 22 towns have their own supply system, and eigh t 
. tations ar e private]~- own ed. 

Of t he 31 tO\Yn . . 1-± sta tion. are operated bv steam 12 by 
proclllcer g:a. 1lant (of which . ix u . eel wood and two cl~arcoai , 
while t hr c use bot h \rood and char oal ), and six towns pnr­
cha:<' nrrent in bnl k. Twenty-nin e towns have adopted hr et 
cm·I' nt on 220 volt. for lighti1I g, wh il e the Kalgoorlie Power 
Company and Fremantle have alternahno· current p lants. T he 
110 volta ge ha. di:appearecl, ex epting in a few private in ­
: talla t ions. 

ELECTRIC T! .\ 711 1\' .~YS. 

Th e fil· . t electric tra mway wa: open ed in P erth in 1 99 
h." the P rt h El ectric rrramwa~· s, l.~imiteel, nncler a concession 
hom th Cit~· 'onn il , and :oon extended to th e suburb:, the 
tota l milrs h( in g 22~ at the tim e of J nrcha. by the Government 
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in 1913. The power house was erected near the East Perth 
railway station. 

As the result of the partial opening of the Government 
alternating current scheme, the tramway service of 500 volts 
direct current is now being obtained by rotary convertors, and 
the tramway generating station closed down. 

The Kalgoorlie tramways were opened in 1902, and ex­
tended to Boulder, the total length of track being 19t miles. 
The Kalgoorlie Electric Power Co. supply the current. 

The Fremantle Municipal Tramways was opened in 1905, 
and has its own power house. 

The Leonora Municipality have a single track of three 
miles to Gwalia, opened in 1908. 

The gauge of all tram\vays in the State is 3 ft . 6 in. 
Some time after the P erth tramways had been in operation, 

trouble was experienced with corrosion of the water and gas 
pipes. This was mainly due to insuincient bonding of the rails 
and the pipes being too close to the track ; and in conjunction 
with the manager of the tramways, we carried out ·ome ex­
periments, and obtained inter e ting data as to the electric 
potential zones of P erth, and, as a r esult, we insi. ted on better 
bonding of the rails and track, and I also recommended that 
no gas or water pipes should be nearer than 24 inches to any 
part of the tramway track, and this latter regulation was made 
one of the conditions of provisional order s in subsequent tram­
way Acts. Similar t ests wer e also made in conjunction \Vith 
the Goldfiel ]s Vlater Supply D e1 artment, as to observation 
and protection of water mains of the Coolgardie Water Scheme, 
and some very inter esting data was obtained. The point ''vher e 
the corrosion of the underground pipes was most sever e and 
difficult to deal with ·was near the power house. No doubt 
the adoption of th e Thermit welding will te11d to improve the 
conductivity of the track, and r educe electrolytic effects. 

In 1904 th e question of th e electrical equipment of Fre­
mantle harbour vvas decided, and I strongly recommended that 
the harbour crane and equipment be at 440 volts, 3 phase, 
50 cycles, instead of th e 2 phase sy. tern adopted by the town of 
Fr mantle. A contract was made by the Harbour Trust t<> 
obtain electricity supply at four harbour sub-stations, \vhen 
the town supply of 2,200 volts, 2 phase, was transformed to 
440 volts, 3 phase, 50 cycles. 

In 1905, five 3-ton and one 10-ton Gantry cranes were 
order ed, and I inspected these for the Department at the 
contractor ' works, Glasgow, and when they arrived in the State 
they were er ected under my charge on th e Fremantle \vharf, 
and placed in commission, two on th e north si le and 
four on the Victoria Quay. Thes wer e supplemented in 1913 
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by four imilar 3-ton crane , making a total of nine 3-ton and 
one 10-ton crane . Subsequently three railway t ra k electric 
cranes were obtained, and the grain shed elevators and wharf 
wheat load r are all electrically operated. 

In 1912, two 3-ton electri Gantr y cr ane wer e er ected at 
Bnnbury Harbour by the contractor , Me Sl'S. Arrol and Co., 
Gla . gow. ln these ranes I had incorporated some alter ations 
and improvement , from our experience with the Fremantle 
crane.-, to . uit the local conditions at Bunbury. 

When th Gover nment railway workshops were er ected 
at 1\Iidlan 1 J un tion in ] 905, a compl tc electrical installation 
for op rating th work hop wa. install d, at 220 volt , 3 phase. 
50 cycle . 

ELE 'l'RIC TH.ANSMT l 1 . 

Shortl:'' after t he di covery of gold at oolgarcl ie, t he 
nee , .-ity of a pl ntiful . upply f fu el and water becam ap­
parent, and a syndicate was form ed a bout 1 92 to e1· et a 
tran mi .. ion lin , from ortham (2 5 mile distant), the near e t 
lo ality with a g d water .-uprly for the steam plant. Thi 
matter wa. referred to T_;orcl K lvin, bnt owing to the Govern ­
m nt cl ciding to construct the oolgardie Water cheme, the 
sele tion of Tortham as t he generating 1 oi11t wa. greatly modi­
field, and the cheme fell through. Subsequently two . chemes 
werr proposed, but neither got beyond the initial tage . Both 
were to transmit n rgy from ollie to Kalgoorlie, one along 
the railway rou t , and th oth r on a larger, cale, acro s country, 
from olli e to Kalgoorlie. 'l' h latter sch me wa: to con. ist of 
two 3-phase line built on steel tower , the line being er ected 
on a fenced strip of land, with patrol stations at intervals. 
As I was in London at the time that tb e scheme wa. being 
consider d, J had sever al discu. ions with th people inter ested 
in the matter, and the engineer connected with the Victoria 
Falls power scheme, and on the Continen I had the opportunity 
of inspecting everal of the hydr o-el ctrie systems, both com­
pleted and in eour. e of r ection. A very inter esti.n"' hydr o­
electric plant I . aw near the town of Goritza, near th Anstro-
1talian frontier , the cen of much r c nt :fighting. 

The Goldfields tran mission propo al involved twice the 
voltage and twice the mil age of any . cheme existing at th 
time, twelve years ago. Indeed, th e only other cbeme at 
the time omparable and actually xce cling the Coll ie-Kal o·oorlie 
propo. al was the Victoria Falls transmission scheme of 700 
mil es to Johannesburg. In thi. cas t he upply was unlimited, 
and a greater head of water than at Tiagara F alls. 

Both the e great cheme fell through for practically the 
ame r a. on -the liability of an int rruption on the very long 

tran mis ion lin through exposed and un inhabited country. 
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either by . ome accid ent or design, ,-vithout a moment ' · warniH g : 
an 1 Sl'Cond ly , th e mine. , being . ·o far away from t he generating 
point , were not in tou ch , and control , labour m.· other 1nestions 
might ari. e, specially a. th e COJ1clition. at both en cl. · of I he 
lin diffE>r ed o much , and in terest and sinking fund . on the 
heavy cost of th e transmission lin e and upkeep would cHl(l 
onside1·all y to th eo. t p er unit. 

Unfortunately , W estern Australia posse. ses no water power 
excepting the tidal waters of the far Torth coast, wher e the 
gr at inward and outward currents du to th e 40 to 50 ft . 
tides offe1· a po sible .·ource of energy for industrie.· in the 
northern part of tb e Continent- a floating power station moored 
in the hann el where th e energy of t he tidal cm-rE>nt could 
b onvertecl by padd le Ol' screw and suit able machinery into 

le tric en ergy for di tribution. But I fem· until t h demand 
ari . this ourc of ele tri.cal. en rgy is ont. id practical e11 g i­
n eering for , ·om - time to come. 

Th e dire t ola1· heat , of which Australia r eceiv s sn ch a 
bountiful . upply, may al.·o ::;om' Jay be used a. a source of 
en ergy n nder special circum. tance.- . 

At pr en t our only . ourcc of: energy 1. coal and 
timb r , and. this narrow. down the a.clvantagl' of elPctrical 
transmission and comes r ather to th e question of nsing rmr 
coal . uppl~' to the best aclva.ntao·e, and t h fa t that our CO<l1, 
·o far cli covered, i.- bE>ttel' for ra iRing .team than making gas, 
gives th cn gin f'r another factor to ·m·mmmt . 

On the oth r hancl, the improvements a nd ex1 erien <:e of 
tl·an . mi.s. ion wo t·k -vvarrm1t. serions attrnt i.on to t h 1 rob lt•m 
as applying to onr t11te. 

Th e obj ect of an electric transmissio11 scheme is to tran.-mi t 
'nergy from th e place at which it can be most economicall.\­
g n erated , to wh er e it can be more effective!)- u eeL As a 
onr e of ener gy, water power has great advantage. over cnal , 

although in both cases the sun is t he . ou1·ce of euergy. Th e 
sm t perfol'ln. th work of li ft ing the wate1· by evapor ation an(1 
depositino· it n the moun1ain .-ide, and th e engin N'l' makL'" 
u. e of th e fall of th e water to t he sea to c1riw t he hv 'lra11lic 
machin ery, which in tnrn driv th >lectric generator, and 
t lnt. · from th sun we have as n ear to a perpetual .·npl l.v of 
Pnerg,y as we can v r exJwct. 

In coal we have th e eJPJ·g_y of the sun , tored up in pro­
hi toric times, wh ich ·au not be r en ewed, and it b hove.- ns to 
con . icler the problem of th e supp.ly of the en ergy, as th e mor e:: 
our in iu. tri e.- and ra ilways increase, so much more do we 
ab orb our limi ted ·oal supply . Can we transform. the coal 
energy more efnci.en t ly at t he pit '.- month and transmit it over 
th, wire 1 Exper ien ce in E1 1ro]w an cl Am ri ca ha::; shown th at 
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transmission of energy by wire can be carried out to a gr at 
advantage from an economi cal and practical point of view, an 1 
ele t1·i ·al tran. ·mi. sion ha. long passed th e experimental stage; 
b11t there arc other asp et of the . ubject which the electrical 
engineer fu ll~ - real ises aml ha. to face, e. p eciall.y with r egar d 
to the conditions obtaining in W estern Australia. 

vVith improvements in steam boil er s, better r esults can be 
obtained, but imp1·oved boiler s can be er ected at either euJ 
in the form of eo a l in rail way trucks as against the eu0rgy , ent 
by wire. J n the former case the user can store up his 0oa.l 
energ~r in his yard and have it under his control for emergenei(~.·, 
snbj et to deterioration in calorific value, and t he interest on 
th outlay of storing fu l i. but th e pr mium on in nra.Hce of 
continuity of sup[l~- - bt the latter ea. e he has no r e eTYe in 
the event of interruption on the tran. ·mi. sion line, and in time 
of wa r or di ttn·ban ·e., when it i. imper ative that onr l' ~1 ilways 
and bridge. honld be o·nawlcd, it should be equ all y neeessary 
to protect our long t ransmi. sion line . Th ese are probl ms the 
electri cal eng in e<.'r must face . lncl eecl. we must look to some 
vast impl'O\'ement in t he conver . ion o£ coi'l l energy into useful 
effect 'rhen we rcali. ·e that from the heat energy of coal, aucl 
under th be t modern condition , we are only able to obtain 
about 3 per cent. of the coa 1 energy in our electric lam1 s. 

The que:tion of utilisation of our waste t imber is a more 
difficult probl em to deal with than that relating to coal, from 
the engineer s point of view, but the vast amount of stored 
np cnerg-,1· l~ · ing unutili. eel demands car fnl con . ideration , and 
thi matter i. being: taken 111 hy th e 8 i nt iii c Advisory Board . 

ENGINEEPJ JG Eouc_\'1'10 T . 

llaYing but briefl y glan ced at t he pa t wo1·k an(l g radual 
p1·oo'l' ss of electrical engin e rino· in the tate, and having see11 
the various phases of electrical science lowly bnt surely de­
velop, it is proper to consider what le ons the pa:t has taught 
1.1 , and I ma~' be a.llo\\·ed to indicate some points of view that 
appear to be of inter est in r gard to th e future developmen t 
of th e engin eel'in g profe:sion in thi: tate. Jn tile pa. t all . 
nr no·incer., wh ther railway, electrical, mechanical , hydraulic 

all ] for work onnected with harb01ll'. , r oads and bridges, have 
b ' ll edn ated or trained either in th e Old onntl''' or outsi(l c 
the State. Thi. con ld only b expected in th e ·early da~' S. 
Jnde cl , the nativ born ~routh who a pired to be an cngin<'el' 
had to go abroa l to obtain lmowledo·e and experi nee, but th e 
youth of to-cla~' has man~' advantage. over his preclecc . or, for 
he has a Cniv<'r. ity of . ience, lit erature and art to enter, aml 
also techni al schools, and even primar~' schools giYin o· him fh·st 
le . ons in cience. 

The doors of the University are open wide to t he stud ent 
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to enter , without fees, so long as he or she pa s a qualifying 
examination which is slightly less difficult than th e LeavinO' 
Certificate examination of th e school , and in four years of study 
with three . ummer t erms in th e workshops an t ake ou t a 
degree of Bach ]or of Engineering. 

W have often heard it said that our University has 
started too soon, and that th e State is not r eady for it. I have 
always held the contrar:v view, that it is a misfortune that 
the Univer ity did not start twenty years ago, for it takes 
twenty years at least before a student becomes a leading and 
important factor in the State. It is a matter of the greatest 
satisfaction to find that this year there are far more tudents 
enrolled than in previous years : most of the science clas es are 
doub1 d or trebled. In Engineering, last year ten students at­
t ended ; this year 28 have enrolled in this subject, and similar 
increases are to be observed in other departments. This arises 
from the fact that the schools, immediately aft r the University 
was established, started to t each with the University as the 
O'oal in view, and this is the :fir. t crop, so to , peak, and we 
may exp et that in th e future the number of students will 
increas . 

In th e University the course of study is a co-ordinate 
ystcm, and lend. itself to a broad knowledge and elevation of 

th e mind, and gives the student a sound basis and ground work 
on whi ·h he can build his future career. 

So great i the influx of students that the University is 
m om diffi culty to :find accommodation, and the Senate, with 
t h a: i. tance of th Government, is arranging for the n cessary 
lll 

Th technical co1legcs also afford xcell ent facihti s for 
edu ation , but mor for special t echnical worl;:; and th e absence 
of eo-or bnation of work is a characteristic differ ence between 
the t e hnical schools and the University. Both are valuabl e 
and nee sary factors in th e progress of th e State. 

The student who ha. obtained hi B.E. degree has the 
world b for him, and on th . urc fou11dation of ci ntific know­
ledg gained at th nivcT ity he must apply sever.;l years of 
practi al work and experi en ce of men and material. 

After all th r e i nothing that can take the place of ex­
p erience be it in handling and mastering dif:ficu lties, wheth er 
they be' ob tacles found in nature, or in th e organisation of 
work and labour, and modern experience shows that human 
labour must and should be the first consideration of an en­
gin r. Until such ob tacle. and difnculties have been met 
and master ed and cxp riencc gained, no man can rank a a 
qualined engi~eer, but even th en his education i never complete 
- ther e is ever more to learn. 
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It is during the latter period, after he has left the Uni­
versity, wh en he has to do his own steering, and when his 
ball ast may not be quite right, when those great institutions 
of civil, mechanical and electrical engineers appear to be of 
greatest value to the young engineer. There he can meet 
others in his own profession and hear their experiences and 
· ·ee the works they have carried out, and I think our own 
In titution, small as it is, has some re ·ponsibilities in this 
respect, and I feel sure every membei· v;rill be glad to encourage 
student members of the Institution to come forward and read 
papers on special work they may be eno·aged in. 

Ther e is a matter which is difficult to deal with, and that 
is to get public bodies to r ecogni e the fact that the engineer 
is best qualifi d to do engineering work. How often do we 
find th e layman decidin<Y matters he is neither qualified nor 
trained to deal with, and waste of money and inefficiency are 
the result, for th e layman, from his want of training, never 
knows when he requires t echni cal advice, and goes on in the 
hope that he may be right. 

Public bodies, such as municipalities and town councils, 
frequently appoint unqualified men to positions r equiring know­
ledge and experience, and indeed the Government service can 
show some instances. It is but a few years ago, when a certain 
suburban municipality called for applications for a Town Clerk 
and Engineer , with a note after engineer: ' ' Engineering quali­
fications not nece. sary. ' ' Surely this is the limit! The question 
of appointing properly qualified and experienced men with 
proper r emuneration to such 1 osts are profe .. ional matters that 
the Institution should deal with and in course of time r ectify. · 

I f eel that ther e i a lack of inter est in our Institution at 
the present time, but all institutions ar e suffering in th e same 
way, and this is not to be wonder ed at when our country is 
at war. \Ve must not be down-hearted, but must go slow for 
the present, for the work of th e engineer will be greater than 
ever after th e war, and th en our institutions will flourish again. 
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0).1 THE TUDY OF [NFORMATlO BY GRAI IliCAJJ 
ME'l'IIO D '.''' 

(Abridged.) 

HY AC'I ' 1 NG- F'ROl~ r~ssoH A r , I~HJ;;D T OMI"l •soN. 

'!'he advanceme nt in "llg'im• 1·ing knowJ edO'e i. due mainl y 
to te ·hnolog~·, or applied scien ce, in which gra] hical tud,v 
of information is a tlominant factor . Engineer s are v ry 
fami lim· with the JH' paration, u <' and value of dimen. ioned 
pi ·t urcs-sket he. and mechani cal draw ing . .......,.of thing to h e 
cons! nrcted . l t is 1·ea li sed that it worlld be impos ·ibl e nowadays 
t ·a n-y out \I'OJ'k withont them. ln exa tl)' the . am way 
tlw cngi11 ce1' f to-day ·annot cl withont t h stndy of :lata by 
gTnphical nwthod.. A rn ongst oth(•1· aclvantagrs, the gra J hie 
(liag r·a m ]n·csen ts a pi et ur·t• by which t h r mi 11 cl 's rye can compre­
hend, at a g lance, 1"Jw ll <lt lll'e Of the Vel l'iHtion 01' l'Clationship 
between va1 ·i al>lt• qmmt iti 'S which arc mn tucr ll y d •pendent 111011 
one nnot he r. By .it~:; aid resu lts a r e r eadily intcqn·etccl which 
" ·onlcl have a formid able Hl:i] ec(· when prest•uted in tabular form. 
'l'he e.l'(' is qrri ·k t r ea d and ompare dif'fercnc s in .-ize, or 
sh<1 JW, or :lope, and tlw mind 110t being wea r ied ovl'r detail of 
<lata, is not cli. tractNI from t lw general stor.\' told b.' ' them. 

'rlw valn<' of p; l'ap lri nl rn dhotls to tlw engin eer cannot be 
OYt'l' estimated . 'ha1-ts oe o· r·aphs on squ ared paper, and 
wdol' diagL·ams on plain papm·, a1·c all impo1-tant· to th yo nn g 
engin ec· r·ing student·, to pnwti cal e ll g in ec'1'S in t he works, lraw­
illg offiC'v, aud esti11rati11g dcpm·tnwnts, as wt>ll as to tlw general 
lllHtH1ge llll'll t in wor·ks of c:o nst r· rr c1'i on. ' l' he ust' of' squared 
]HlJH' I' is invalrrabk !o tlw so-ca ll ecl moderni zing Hnd ef{i ci ncy­
irnJH'OVl'tllent e ngin '•r ·, an 1 to the business man , .fm· by i ts means 
ecollorn.'· rliH." he efl't• ·tt·d i11 all depa1-tments, enors and in·eo·ular 
w 1·king ma.v be det(•ctecl , costs and dimensions of IIH1ll ll factnre 
may lw J' dncccl to ordc·1·, to law or formnln.•, ancl a clear light 
thl'own on tlw cntir·c• WOI'kinp; of an engim·er·ing c•stabl i hm ent . 

diHgr am add: H mi1·a cul ous lt•ngtil to H mau ·s cye:ight . The 
ilighc•J· t lw offici<tl , till' lll OI't' rnr rst hi s work li <' in d termining 
p li ·ie:, leav in g deta ils and rnt•J·e 1·outin e for :ub r· 'lin at s to 
do. ('u r·ve. show him tt• nd en cit•s and tlt>sirabilitit•:, and 11abl e 
polici(•s to l>e chosell. If til e e tt• ndencie an· objectionable they 
·a11 lw corn• tcd lon g· lwfor e th<',v wo11l d have bc'comc noticeabl 

in c:o!nmns of fig ures. 

\ t. the out. t it is 11 e essa r y to di:tingui. h betw en two 
kind: of JU antitic•s, 11a rncly. vector an d sea lHr. Somt> qmmtiti e 

----- ------ - - --
see end of paper . 
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are related t o direction in space and cannot be defined witho11t 
refl'l'l'n e to dire tion , and an' call ed vector quantities, oth r 
have no su h 1·clation to . pace and are all ecl scalm·. 'l'lm.­
displa ·cm nt ancl f01·ce ar ve t01· quantitie.- , and leuoth and 
ti me scala r quantities. Befm·e con:i ·lering th pra tical ap­
pli cation of graphi al stud ies of informat ion ome of the 
cl if-f r ent method · of o-raphi ·al hartino· and plottino· will be 
consi ler ed. 'calar quantitie.- may roughly be divided into two 
a-roup , illu . trativ chart and law-computing o-raph , whil e 
ve tor qnantiti e. ar u . cl in omputing diagrams only . 

. \1.,.\R, Q UA N1'11'1E . 

.lllu ·trativ D1ag1'Cnns.- Vio· . 1, which illu . trat th e ' bar " 
Ill thod of I Jotting data, how very plainly the r emarkabl e effect 
of wat r in climini ·hing the numb ' l' of fine lust parti le breathed 
pet· minnt0 by th e miner wli en working. snally th e "hal·" 
metho l i · u:ecl wh er e variations are . o irregular that a ·mooth 
curve would b' impo ·sibl e. l<'io·. 2 shows the ar a m thocl of 
computing data. 'l'hi.- i. a particular ca:e of what is kno,,-n 
a. a clock chart. A tuall~r it illustrates th e percentage of 
xcavation work omplet cl some t ime ao·o on th e Gatnn locks. 

La,w a11cl Computi11g Graphs.- l?ig. 3 shows t he common 
co-ordinate method of n: ing t"·o 1 eq enclicular axe. for plotting 
two Yariabl quantitie.-. Point. arc obtained by projectin g from 
two ax s o1· lines perp ndicular to one anoth r. 1n othe1· word·, 
a 1 oint. 1 o. ition i. known when its cli. tance.- ( p rpemli ·ular ) 
from two fix d axe· arc kno1vn. 'l'h(: horizontal llP asurement 
a1· known a.· ahsci. <1' ancl th e verti cal as ordinates. In par­
ticular th figure shows th e J·elation , in an alternating nrrent 
tran. mi sion . y tem, between th e val'ions quantiti es- kilowatts, 
amp res, volt.-, >{nciency and pow r facto1· :--Giveu E.i\I.J•'. = 
2,000 volt , Line re.-i . tanc = 2 ohm.-. • elf inducta nce in 'line 
= 5 ohm.-. onsumer . u.-ceptance = 0.05 Mho. 

Pig. 4 shows the method of u:ing two perpendicular ax 's fo1· 
f m· variabl quanti tie.. 'rlm a coa I containing, by ana ly. i., 

0 per c nt. m·bon, 4 per cent. hydrogen, 10 pe1· ·ent. ox~rg n, 
and som .-ulphm:, has a calorific value of 1' ,200 B.'l'.U. 1 er 
lb. of coal. l•'ig. :) . hows <-1 :pecial meth d of plotting th l'ee 
variabl Tt depend. upon th e geom trica.J principl e that the 
sum of t he uormals fl-om any point in an equilateral triangle 
upon the sides is ·onstant and equal to the altitncl <:' of th e 
triano·le. Act ually it show the t 'nsil e strenoth of oppel'-tin­
ziHc alloys. TIP altitude is mad e to r epresent 100 p er cent . 
of any of the con. titnent. . An y point of t he diagram ther efore 
rer r e n t a ertain cl efinit mixtm· of th e thr e constituent: . 
Thn.- point A on the diagl'am n'J)l'l'S nts an alloy ontaiuing 
13 JWl' ent . oppel', :)7 p r ent . tin , and 30 p e1· cent. zill . 
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When all such points have be n plotted and marked with the 
figures repre enting the particular property under investigation 
(tensile strength in this case), line.· or ontours may be drawn 
connecting points possessing the property in question to an 
equal dcnTcc. Evid ntly tl1 c ·tronge. t a ll oys contain nearly 
60 per c nt . op1 er, 1 to 2 per ent. tin , and nearly 40 per 
ce nt . zin ·. l•' ig. 6 shows t he polar co-ordinate method of 
plotting two variabl e quantities. Jt cl •pend . upon the fact 
that a points po. it ion i fix •d when i.ts di tance from a pole 
is known , together witl1 th e angle thi: distanc line makes with 
a giYCll axi.· t lll'ough the pole. Actually it shows the dis­
ti·ibution of light r espectiv ly from con tinuou current and 
A . . t1 1·c., t he figu res marked on the mdial lines indicating 
candl e I owe1· in t he:e directions. .Big. 7 . how t he ordinary 
thl'ee dim en. ional method of plotting. Poi11t. are obtained by 
projc ho n h ·om t hree plane· mutnall y at rio·bt angle to one 
a not her. 'J'h 'se point. li e on a 'll l'face . The figure shows the 
sm·fa ·c 01mc ·t'i ng t lw b l'ea king str ength of ·ast iron gear te th 
with the pitt h speed an d t he ar c acti 11. 'lea 1·l y, a solid 
ma~r b so moul led as to repre:ent t hi: surface . F ig. shows 
a cardboar] :ub~titutP for a :o lid model. A tually it 
hows the r lation between th efficiency of an eight-foot 

fan and the area of the outl t opening for variou. peeds, 
the area of openin o· bein g de:i.gnatecl a · a percentage of 
t he product of th fan dia meter by the wilth of thl' 
pe1·iphen·. Ei ght cliffen•Jit curves ;n e given f01 · -•i.ght 
difl'et" nt SI e dR. Tt i. . ec11 t hat th e cffi ci n y i: a maximum 
\Yh cn the 1·evolntions pe1· mimtte is abont· 125 aud th e area 
about 29 per cent . rl'he onstr nction of the soli d in Fig. 9 i.s 
dep •nd ent on t he geometrical p1·iucipl t hat t he sum of t h 
nor mal: from any point wit hin an equilateral tetrahedron to 
t he fot ll' sides is eq ua l to th e normal from a vert x to the 
opposit e ·icl e. It is ne ·cs:ary for the : nm of the four variabl 
quantities to b a on . tant, . ay of 100 per cent. Actuall y the 
sma 11 : hacled solid . bows t he onl y port ion of t he tetrahedron 
occupied by th e iit•kl of Portland c men t . Fig. 10 :how 
anot her type of solid. lt is her e a ne ·essa1·y condition that 
IO I' ea h set of 'OlTespomling vm·iables three of them should 
ad d up to a consta nt va lu e, l OO pt'l' ent. , say. rrh c foul' th 
va l'iab le ( thr heigh t i11 t he model ) is tllll'estrict ed. Th e {igur 
a tnall.v shows th e tt•nsil c stren oth of copper-tin-zinc alloys. 
it i seen that it is nwrel.v a solid r epresentation of th ontour 
t1·i -axi.al method, or Fig. 5. 

ompuiing Tra nsv rsal Diag1·ams.- J• ig. 11 how charts 
for addition, ubtractiou, multiplication anl division and 
ar elf-ex1lanatory. Fig. 12 . how. anot her typ of multi­
pli cation and clivi. ion chart. [t is similar in principle 
to t he lcft-hancl di agram of Pig. 11, the dift'erence b ing 
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that th e co-ordinate . cales are log;Jrithmic it being re­
member I that adding 1 g. of numbers is equivalent to 
mnltipl,ving the numb r · them. elves. Fig. 13 show.· a practical 
appli ·ation of th principle. illustrated in Fig. J 1. Actuall y 
i t is a cha rt for obtaining the area of steel necessary in r >­
i nforcecl oncr te beam . Dotted lin indicates th e method of 
n mg; thus, given eff ·tive depth= 22 in. , br adth=lO in. , 
pcrcentag of r einforc ment= O. 5, wh ence A = l. 7 q. inche . 
FiO'. 14 how a proportional hart , which i. base 1 upon the 
1vell-known "proportional" property of similar triangle . 
Actually th ·hart is for obtainino· t he outsid e diameter of 
a th ick pipe, on th l.1a m ~ theor:v, wh en th e in.'ile diameter, the 
internal pr s 11r and th e .. afe tensil e trcngth of th mat rial 
is given. In example, p= internal pre. ure=4,000 lbs. I er 
. q. in h · .f=fib r tre . = ,000 lb . p 'r .'q. in ·h, and d= int rnal 
cliameter= JO in. \Yh ence, .f+ p = 12,000 and, .f-p= -±,000, and 
.hom diagram., by drawin()' parall el lines, D = 17.3 in hes. Fig. 
15 . how · a .. imple form of alignment chart for addition or 
subtraction. Ln the harts hith e1-to examined the n cessary 
lines or . <:a le: wer e plotted on axL,s at right angles, or, in the 
case of th e tri-axia l m t hocl ax 'S inclined at 60° to on anoth r. 
'l'hi is by no m an. a n ce .. ary condition, and comparatively 
re entl)' chart having parall el axe. have been introduced and 
clevelor eel . 'Ih ey havL an enormous advantag ver any other 
type, for t h e~ · ·an dea l with an)' number of variabl es. 'l'o 
illu . trat th ' working in the iignre, it is r equired to add 5 and 
togrt her. \\Tith a traight edge 011 the 5 mark on thr left-hand 
s al(•, and also on th e mark on the right-hand : al e, it 1. 
se n th<lt th e tran versal ·ut. th e c ntre cale at th 10 mark. 
It would also be 'a:y to u . e th e chart for ubtracti n purpo rs, 
i ... 13 on centre cale-5 011 left-hand scale= on right-hand 
scale. 1~~ig. 16 how. an alignment char t for multiilication 
and divi:ion. 'Ihe prin i] ](• i .. exactly that of Fig. 15- addition 
and snbtra tion . ]n. t acl of making th e division. between con­
s cutive numb r . qual to OJJ an th r, a in Fig. J 5, the di. t ­
an ces beh\ 11 th e number. ar mad proportional to th 
)oo·arith m:; of th numb r s, and a cl hng log. of n urnber. i,. 
equival ~11t to multiplying th e number. together. Exampl e :-
5X , 5 on left-hand . ale and on right-hand . al , ar joined 
by a tran ver ·al cutting ntre ale at 40 . All oth r . impl 
alignm nt hart are adju:ted combinations of chart , Figs. 
15 and 16. Fig. 17 hows an alio·nment chart for obtaining 
the :afe loa] ( li. tribut cl or concentrate l) on Briti h . tandard 
rail · wh en acting a b am.. 'l'he left-hand . cale r e1 r esents the 
un:upport cl pan in fe t, and th right-hand cal the weight 
of the B . . rail lb . per yard. rro obtain th afe distributed 
or concentrat cl load , hold a traight dO'e acro th outer scales 
and r ead the r e nlt on the corr pond ing · ntral . cale . . 
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VEC'l'Ol~ Qt AN 'l'l'l'IES . 

Co mp1tti11g Gntphic Diagrarns.- Evidently a vector can 
be l'L'pn~sen te cl graphi call y by a . traight hne; its magnit ude 
to some sea le by the length of th e hnc: its clinurc o1· 
ort b.'· th e chnure of th e line; its .·enioie by an alTO\\' ­
heall. ( 'o nsicler th e ·a se of a yacht sailing against til e 
wiml h am a point f1 to a point B (Fig. 18) , the di. ·tan ce 
AB b 'ing 7 mi les in a direction dn e Ea.t. 'L'h -' n, " ·hen th e 
veiois I 1·ea ·h es B , th e r·e is evid cntl.v a sensP in \rhich \re ma:· 
·ay tha t she has . ail d 7 mil es in a n easte1·ly direction, althou gh, 
o·wing to the neces. ·ity of .tacki ng, t he straio·ht liue AB doe.· 
not r cpl'l'Scnt her a ·tna l com· ·c, which is r •pres ntcd 1 y a, b, c, 
cl, , and f. Now, although th e ve.-sel has nnll ergone a Sl' l'ie.­
of li.-placenll'JJts, o, b, c, d, c, f, her 11 ctt displa cement is th e 
vector g from .d. to B. A si1wl e displa cement equ al to g would 
have carri ed her from her starting 1 oint to t iH' point wh er 
her course ended. 'l'h vcctor g is .·aiel to be th e smn of th e 
v ctors o, b, c, cl, e, and /. Note in par t iC11lar that the sum of 
a number of displacement vectors which form a clo. eel fi gure 
is zero. for th e point 'vhich i . .-uppo ·eel to und ergo t h ' dis­
placem nt comes back to it .tarting po.-ition and th e nett or 
ultimate geometrical cli ·placeme11t i.- zero. W e must take it 
as self-evident that displacement vectors ar added by th e 
method explained above. Evicl ent l,v, t hen, if it is r equire l to 
a Id too·ether the vector. , u·, .c, y and z, in Pigm·e 1 , th e pro-
e<lure is as follows:- l ake th em the ·id e. of a polygon , taking 

care that th eir anow heads ar circuital , th ' n th e last .-ill <:' 
of th e p lygon with a non-cir nita l arrow head r epresents th eir 
sum. It is ea:ily seen that th order in which vectors are 
aclcl ed tog ther does not effect th e r c. nl t. Using a . ystem of 
not11tion , introduced by B w, mechanicall:r enabl L' · th e above 
rul .- to be observed. Th e vector . 111<1:'' n ' p i· sent displacemPn t ·. 
velo ·iti.e., accel rations, momentmn, impuls ', fm·ce.' clue to 
gravity, electricity and rnagn eti.-m, etc. As soon as we ompre­
h nd tlw statemPnt of th addition rnl e we see that it r equires 
no pro f. Th1s po.lyo·o n nd e is t he fundam 11 ta l lTil e wh en 
dealing with vector quantities. With a f w mol'(' simp le rul es. 
or onst1·nction . , a1 par 'ntly most intl·icate and difficn lt probl ems 
eau be ea. ily solved by pnr ly m ·ha.nica l g raphical sy. tem · or 
method.- . 'l'h graphi vector method has ge nera l!:· al. o t il t 
important advantage over th analytical method that it is 
self-checking. Fio·. 19 show. th graphic static method of ob­
taining th .tre. se· in th e various numbers of a cam l ba ck 
and a p tit tru .-, r e pectively, du e to th e llcad load on the 
tructure. The r esults are obtained by drawing, to . ea le, vector 

( force) polygon similar to the ones just cl >scr·ibccl in Fig. 1 . 
Fig. 20 .-hows more example · of graphi c stati ·s and ve tor 
polyo-0 11 analysi.- . A 8 in th e tipper diagram r epresents a 
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beam carrying a varying load . Curve on ArB r gives the shear­
ing force, curve on A 2B 2 or A~ B ! give.· the bending moment 
curve. Curve on A 3B 3 gives the slope curve, and on 1~ B " the 
deflection curve of t he beam. Lower diagTam show · the con­
t ructiou for obtaining t he moment of inertia of the shaded 
heam >;ection on t he left. JTig. 21 . hows th e graphic static 
method of obtaining t he lin e of pressure in a masonry arch 
bridg·e, and thus ascer taining its stability . J..1ive load, dead 
loa d aml ealt h p r es. m·e ll ave been taken into account. rrhe 
met hod is purely a graphica 1 one an d depends mainly upon 
the vector polygon. rrh e . cience of dynamics is largely t hat of 
the equivalen ce of vector s. Fig. 22 shows four illustr ations of 
t he solu t ion of probl ems dealing r e peetively with the P elton 
\Yheel, Centrifugal Pum1 , Kin ematic Chains, and the B alan cing 
of Rotating Jl.ias.-cs. Evidently graphic solutions are easily 
obtained. Fig. 23 .-how two indicator diagrams of ga · 
engin es. This is a oTaphicct l r epres ntation of t he pressure 
inside t h e11gine cylinder, t he indicator pencil being th e draft. ­
man. .J!"'io·. 24 shows t he COl t. t 1·uction of t he electromotive and 
eun cnt diagra m in an A .C. t ransmi ssion system, which is ha ed 
partly 011 th e ve ·tOl' polygon. rl'h e l'e, ults obtained from this 
diagram have been plotted to form th e squ ar cl paper curve. 
given in J.i'ig. 3. Fig. 25.- 'l'h e upper figure r ep1·esents a tripod 
whi h . u tains an inclined load K V . 'l'he construction shows 
the method of obtaining the thrnsts in each leg of the tripod 
by means of t he vector polygon. Th e lower figure l'eJ)r csen ts 
a frame with its corners hinged to t he ground and carrying a . 
load of one ton. Th e construction shows the method of ob­
tain in g th e for ce.- in t he six upper bars by mem~ · of t he vector 
pol,vo·on. 

BefOl'c attempting to show t hat graphic methods ar e in­
llispensabl e, it i. J1 ecessar y for u.- to r caliz that the functions 
of t he craftsman and t he ngin eer are entirely differ ent, and 
to r ecognize that per sons engaged in the engineering industry 
may be J ivid e<l into two principal classes, manual workers and 
thinker s. ln t ime.- gone by, mann a 1 training alone en abled the 
apprenti ·e to become a ma .-ter craft. man , fo1· en gin eering was 
an art. At th present tim , however , a vastly differ ent training 
is r equired to t urn a schoolbo:,· into a profe ·sional engin eer , for 
engineering now i>; an art and . cien ce. 'l'h e artiza.n , or engineer 
workman , and. t he highly t r ained engin eer con.-titute two dif­
f er ent problems. It i. al o n ece.-sa r .v to differ entiate between 
the t \\·o types of highly trained engineer s, th e t echnological and 
(for \V ant of a better name ) the academical. In training the 
former con ideration is given to the ommer cial an d busin ess 

icl e of engineering, as well a.- th e a.11 li ed . cie:ntifi , while in 
t he latter th sci ntific ide a lone is r eally dealt with, and i · 
consequ ently mor t heoretical than a technological cour se of 
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tudy. 'l'h e techno logist is trained to foster through science 
the development of indu:trial arts, and th e academical to foster 
merely the developm nt of industrial science. Accorclino· to 
the dictionary, a: fa r a · we are concerned, "technica 1" mean. 
pertainin g to the art of engineering, "technologica 1" to thr 
cience of indu tria l en gin ering, and '' academica 1 ' · to engi­

lle r ing applied . cience. 

It i · believ cl that for our welfare in ·e11 ra l and th e 
intere.t: of engineers·::· in particnlm· the foll owing institution., 
each with its own definite pur pose, are nece:sary :-

( 1) The 'l'echnica l School (Junior and Senior ) for t he 
artiza n , for p1~oviding , uitable instruction for fore­
men o1· . npervisors, and manual worker :. 

(2 ) (u ) Th r School of Technology, for the tech noloooi­
ca l ly highl y train d engin eer , for pr oviding suit­
able conr:e, of stndy for producino· scientific 
advisors and de:igner s, with clue r egard to th e 
eo m mercia 1 and investigation aspect, and ma nag­
er: and bnsin . organiz rs. 

( b ) 'l'h 1 niver : ity School of E ngineering for both 
the te ·hnological ly and th e applied. cientific highly 
tra ined engineer; for proviclinO' suitable courses 
of study for (i ) the teclmologit as in (a), and 
( ii ) th engineering sci.mtist, for producing cien­
tific advisor a11d designers cone rned principally 
with cie11tifi r s arch and having little r ega rd 
to th e ommcrcial a 1 ect. 

Typical examp lrs only will br given in dealino· with th l:' 
application of the 0 Taphical methods, and it will be convenient 
to as ·um that the two principal cla.-s s are dealt with as 
foll ow :-

( 1) Appr 11tice.-Enter s a Technical chool , take. a 
teclm ica l trade cour. e, and in the works aim. at 
becoming, say, a skill ed mechanic, or lse, wishing 
to adva11 c, con timt s on with hi .. tudies as below. 

(2) Cadet.- Enters a School of 'l'echnology or 1 ni­
ver ity chool of Engineerin g, and aims at be­
coming a highly trained engin0cr , and after 
gra iuating enter . a dr awing offi ce, prepare. de­
. ign. an ~ e timates, and later , in a mi1ior super­
vi. ing position, o·oes on to th e actual construction 
of machin , or work , and ultimately attain. an 
important management po. it ion. 

* See paper, by the a uth or, "On Educat io n a nd its connection 
with the real pt·oblem before Engin ee rin g Soci e ti es," before thi 
Institution, A ugust, 1916. 
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1. 1'he jJl anual vYor·ke1· o1· A1·tizan.- The object, m the 
past, of th e apprentice ha. been to become an all-round crafts- . 
man. Com1 et ent all-round craftsmen have never been too 
p lentiful , ancl the carcity is rapidly in cr asing, for nowadays 
th~ tendenc.1' ver)T\vher e i. toward the r eplacement of manual 
. lnll, all round knowl edo·e, and varied job r espectively, by 
automatic machiner y, . pe ialisation, and r epetition work. This 
ub. t itution ends in th e craft ·man becoming mer ely a human 

mechanical machine requirin g no initiative. Thus modern 
specialisation method. hav created an unadaptable industrial 
population w·hich foster . the production of inferior workmen. 
Tb monotonou. nature of th e work breeds discontent, produce. 
dissatisfaction , and en(l.·, a. we all know, ultimately in social 
t r·ou bl e. 'l'o sncces. full v combat th e ·e evil s it is believed that 
th craft. ·men . or engin eer workmen , mn.t have a ounder 
vocational (and .'OCial) education than hith erto. 'l'he war ha 
~hown u. that the com1 etcnt craftsman i. the backbone of 
llldustry, and that his status mu. t be rai."ed, and r eal skill, 
natural aptitude an l invention must be encouraged. Iow, in 
order to perform hi work intelligently, to profit by and Jnake 
good progre.. in the in. truction oiven in the classes in technical 
subjects, an artizan must have a fair knowledge of some of 
t he so-call cl high er branches of mathematic. . Thus, an element­
ar:v knowledge of the calculus is indi pen. able. Y t, in the 
past, few apprentices or engin eer workmen continued on , after 
t heir preliminary school tra ining, with th e .tudy of mathematic. , 
and very f w ind eed r eached the r eall y nseful calculus . tage. 
t ndoubtedl:v 'vith t he craftsman the great stumbling block to 
aclvan ·ement in technical knowl edge has been in connection virith 
th . tudy of mathemati c., and since th r emoval of this ob-
truction i. absolutely n e."sary, the author believ s he is 

ju tifi d in goino· into th matt r at length. The failure of th 
old academic m thod to in ter e. t students of ordinary abilities 
and to bring within their r each and nable them to make 
practical u. of . ome portion. of what are generally, though 
·with littl e r ea. on , call ed " higher" math matics, led some years 
ago in England t o the introduction by t chnologi. ts and applied 
scienti t. of practical math mati . . Before the advent of th i 
new method attempt. had been made to develop mathematic 
for craftsmen, on common -. en. lin es, and th i. led to the 
·uc essful introduction of cla . like technical and workshop 
arithmetic, calculations for electrical student., machine calcula­
tions, mensur ation for builders, engineering math ematics, etc. 
However, undoubtedly the b . t attempt to encourage and main­
tain the necessary inter est , an d for training to be of practical 
benefit , is with a s t cour. e called practical mathematics. The 
characteristi of th e practical mathematical method is, p erhaps, 
the lamination of graphical analy. is and th e subordination of 
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ab tract l't>asoning. It foll ows the Appli ed Scientist laboratory 
idea of 1 a euino· by doi11 g, and not by thinking alone. Instead 
of ab.tr a ·t logical dcdu ctio11 :fir .t and parti u lar applicatioll 
aft el'lvar ds, <L · in th e academic, t he . ')'mboli cal deductive treat­
ment i · anticipa t •d by well -chospn particula1· application. at 
eWI',\' step l ,v gr aphic an d a1·ithmetical verifi ation, to enabl e 
t he .-tuc1ent t o clearly 1·eal iz ' his own <.>xp ricncc and . ee thclt 
he i.· 110t dealing wit h an al'bi t r <-t i'Y .. ,vstem of symbols a lone. 
'Ihis mctho l p1·epares th e stud n t for a mor rigorou analy tical 
study of th e snbje ·t. rr he 'alcnlu . is introdu ced arly, for 
it i.' r ecognised that alt hon gh many mathematical rul es may 
be obta ined by th e so- alled "elementa ry " methods, that t hee 
ar e fl-eqn ently only r ou nd ahout and t r oubl esome t rick, and 
a1·c, afte1· all, me1·el.v l'Xpedi <• nts to evade the simpl< notntion 
of t he 'a lculns, which ar c qu ite as hffi c11l t for th stu dent to 
grasp as t he un le rl ying p r in cip-le of t he al ·nh 1.' . Th us, tak · 
ilw probl em of clC'ten nini·ng the moment of inertia of n rod; 
" ·hpiJ on •e t l1 • stu dent b •comes famili.a1· with th e asy lang n11g:e 
of tl1c C'al •JJltJ s, al l th e scaffolding, whi ·h has to be so car f ull y 
and tediously built ll l to obt<tin a resul t if algeb t·a alone i:· 
t'm ployc>d, may at u e be chscanled . Ve· tor. al so ar e in t r o­
dtle •d earl~· in the com·se fo1· t he impor tant subject of mathc­
ma tical aml graphical ve tor ana l.ysi is the common fou n dation 
for sllbjects i nvolYing vectol·s, sn h at Stati · ·,Dyn amic ·, Hydro­
stati cs, H~·drod.vnamic., E lectricit,,·, etc. Al mo. t immediately 
afte l' the introclnction , some yea r ago of I ractical math matic.' 
elas.' •s. t he em·olnw nt in t h mat h •matics classes in the Jall ­
eiH•ste r di st1·i •t, B ngla nd, in cn'HSNl t en-fold . [m;teacl of havin g, 
s<~.' ', mcl'cly 50 nHlt hematics st uclC' ll ts, t ht> aveea,.;e for many 
~·ears <-lt a br an cll rl't·clmi e:;ll ' liool , 0 1' hool of 're ·h nolog,\', 
t he lltllllbE' I'S l'fl Jii cl ly ill I'CGl. t•cl to .)00. rl'h CI' have been ,Teat 
in •J· 'ascs every year in the newer cla ses, whil e abou t the same 
JlumbcJ·, sa~· 50, stil l ·on ti nue t·o ta ke th e old ncaclemic e01use. 

rrhrough lack of time, on e ot hl'l' eX<l lllpJ e onl~r of t he ap­
pl ication of gr aph ical stucly will be given . It will be assu m 1 
that t he .. tuclcnt l'n t r s an .A Pi li 1 Mechanic cl a s. A few 
Y<' al·s ao·o tlw co t~r. ~' of ~o;hHi v ·onsistin g of le tu res nly, wi1s 
only pa~··tially Stl C'ESsfu l, btl t' ll OWH.da.ys H la.borat on r t r Aining. 
in •onjnn ·tio11 with the IC'e:tl n·l' work, has ma de tlw cour.-e com­
pl etely sn · ·pssful , ow ing hlrp;P l~· to i11dispen.-Abl e g1·aphi ·s. 'l' hu. 
a po rtio n of th e .- ubject, such a · '' tress nncl stra in," i. in tr o­
dJ tcecl in a Je ·ttu·e. S i11 t> the defini t ion.' of "str ess an cl stra in " 
ar' me1·e conven t ion, t hey have to be gott 11 of-f by hea r t by 
the stn tlPll t, b ut th e co nn ecti on , wi thin th elasti · lin it, betw·een 
· 'stn·ss and str ain ' '--tl 1e e lebratcd Ilookes' law- namely, 
:;tl·ess--:-st rain = ·onsta n t, for any give11 material. can easil)' b 
v r ifi cl h1· the stn l en t hims lf. I mml'di at lv after the lectnre 
the . tml ;1 t , in th e A11lie<l :Ml' hani ·s l i1 bo{·ator,,·, Jn·o• :eetls t-o 
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ea n·y out variou: :train exp riment.- on, :ay, gla . , indiarubber, 
tJillbPJ·, .t rin o· iron, a11cl copper wir .-, and st>el bar. . E x­
periment on th, varion. kinds of str ain s arc mad namely:­
'l'cnsion, CO ill])l'e : ion, ·he<n, bl'nding, and t01·: ion. ' Thus," for 
~·xampl ', a st r etched wi1· , is loaded wit h kn own weig ht:, and 
Its alteratio ns in length obtained. After t h tudeut ha.· taken 
tlw ne ·e ·sar y observations, t he l'l' ul ts, showing co nnectio11 h••­
twE>en the weight on t h wire and th e alteration in length it 
produces. ar e plotte ] on squared papm·. All average curve i: 
tl1 ·awn evenly between t he points. 'l'his COITe t: rror · of 
observation , and, moreover , is th' most accm:atc method of 
Ol'l't'CtiOJI. BefO J't' g1·a phi ea I nwth ods wer int1·od ne •cl, ·om­

p li ·ated analytical method~> , snch as t he I a. t square, had to 
b • n. ed, and tlw.v wen' tNii oJJ s and ina curate omparcd " ·ith 
the : imp\(' en rYe m ' thod . I n t his ea· t lw curve, up to a cer tain 
poi11t, will be a straight lin e, so that th e la 11· conue ti1JO' t he two 
V<:u·iables, up to a Ct'rtain limit, is SI J I! t hat str ess-:-str ain= 
·onstant. In a si mil a1· manner by p lothno· re:nlt · it i · found 
t ha ot her . t rain -com] r ssion , sht'<ll', ('tc .-obcy t he sa nw 
law. 'l'hu .- from hi. own ob ervations, after plottino· oTal h. on 
squared paper , t he stnden t r ealize: th t rnt h of IIooke.· ' la"·· 
'\\ hen anot h r port ion of th e subject, ,;uch as '' liftiHg appli­
an e , " i. int r oclu eel in the lecture, corresponding laboraton· 
experiments arc mad e, for boy: a nd men a like 1 arn most ef­
fective ly by working for them elves, with th e "do it yourself '' 
rn t hod. 'I he object i. to 1 e ·ome fa miliar \\'ith t h "gener al la ,,· 
of ma ·hine., ' and in ] articul ar to det rmine the law con­
ll P ting-

(1) Th • mean ef'T'ort and th e load. 
( 2) '!'h e fri t ion of th e machine an 1 the 1 ad . 
( ) Th me ·hani ·a I advantag and th load. 
( -:1: ) 'l'h ffi ·i n y and th e load . 

'l'h . for e r equire l to jn. t lift t he weight is obtained, and th 
r esults ntcr ecl xactly a · r ead on a she t. After takin g all 
ne e. ary ob · rvatioJJ. , t he r esults of' ·alculations a.r e enter ed 
al.·o on the sh t, ancl sni tahl c ombination. of t h resul ts are 
now plotted 011 . quar d 1 aper and t he law. so d termined . lt 
\\'ill be . een that th e law nnectin g-

( J ) M an ff01-t an] load is a traight lin . 
( 2) Friction an d loa cl is a strai o'h t lin . 
(3) 

(4) 

U echani al advantage and load is a 1 01·tion of a 
rect. hyp 'rbola . 

Effici ncy and load i. a portion of a r et. hyper­
bola . 

'l'h quation to th urv . ·, as plotted, may be obtain cl and 
thn the law: and limitation . of the ma.chin ar d termincd. 
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Other cxperim nt. · (ov r 0 wh n complete ), all involving 
graphic analy is, are fully dc,.cribed in a book of Laboratory 
Tm;trnction and Record heets, prepar cl by Prof. Whitfel cl and 
the author. 

Ifighly -t1·ai11 ecl E-nginee1·. 

(a ) .tlt Colleg .- The object of the cadet i .. for pr fi i ncy, 
for high training, for a diploma or degre , ancl then actual engi­
neering practice. As stated before, it is n ecessary for ou r 
welfa1·e to have th two com:se. for the highly trained engineer, 
as . ·et down in the general ·cheme given . ome time ago-a 
t clm ological curriculum for· th majority and an a ademic 
cmTi ulum for t ho e who ar e .-pecia lly gifte ] or inclined towards 
the a ademi . Thi.- view is not altog ther unorthodox, for the 
trend of opinion in Eno·land is in this direction. The cliff r ence 
between academi al and technological metho]. of study may 
be onsid red to be cs.-entially the . ame as the differ nee hetween 
acaclcmi al. and p1·actical mathematical methods. 'l'hus th e 
·h aract ri.-tic of th technol ogical method of . tudy is perhap 
the domination of 1a bo1·atory and graphic analy i. and the .-ub­
ordination of ab.tract r ea oning. As in practical mathematics, 
the purely ymbolical mechanica 1 ab. tract ana lysis is anticipated 
wlJeJ·cver po ·sible by graphical a:nnlysis or arithmetical velifica­
t ion. Vlith tlw great maj rity of students "princi1Jes" 
·an not b truly n nd erstood or fully cornprchen] d unti1 sol u-
t ion: to particuli'I J' appli ations have bee n carefully worked out, 
an] a.- th e pmti u lar application . form an intc0 Tal part of th e 
t chno1ogi al m thocl , th ey annot be overlooked. 

Tlw subj ects taken at a U niversity Ol' 8chool of 'l'eclmology 
may b • divided into two groups, thus: those which involve a. 
kn wl edg • of math ematic: (i .. , theory ancl de. ign of structures) 
and those which do not r equire math ematical analy i. (i .e., 
d 'scriptiv snhj ects, such as geo logy ) . Only graJ hical illu. tra­
tion.· from tiP first· group wi ll b com;id crc I Obvionsly. n 
so11nd WOl'klllg kn owledge f •lementm·y, togcth r with some 
of th so-call •d hi o·he1· mathcmati .- is es:e nhal nowaday for 
the highly train d or profes. ion a l engin r. But th ngiue J' 

need,. no artifi ·ial menta l gy mnastics, or .xamination pu;~;zle., 
or by evasions of the Ualculu s, during his early stages, infinite 
worry with el •me ntary mathematic.. A common-sen. know­
ledge of the few fuudarnenta.l principle.- i. what i. required, 
for the ngincer, ru1fortunat ly, ha usually 110 time. for a 
•ompl ete math mati al t1·aining, the ngin r ing curnculum 

b coming more exacting every y ar. It i no longer undigni:fie.d 
to intro luce particular app li atim1: before general t heory IS 
d alt with. 'l'he mod cl'n rngi.neering math matician mcl'cly re­
gards " math matics" a. a us •1'111 and ne ~;e . . a1·.v too l or appliance. 
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The chools of Technology in England have, with great success, 
adopted , partl~- or wholl y, the newer and veril e method of 
tea hing math ematics. 

Jn illu trating th ir u. e i11 plll'cly eno·ineering .-ubject · it 
\l'ill be convenient, a.- . tated before, to use t he gra1 hica 1 cl a:. i­
fication used .-ome t ime ago wh en considering the different 
tnethod.- of o'l'aphing data. The illustrative or bar method is 
of great use in l ctm·e. , enabling student to quickly gra p and 
a similate matter that would oth rwise be troublesome. 'l'hus 
-;irnpl e cliaoTams may be used to show-

(a.) Th r elative strain. in various materials wh en 
ubj cted to a tr s. of, ·ay, 5,000 lbs. p r sq. inch; 

( b ) The ffect of th e hara cter of th e stone upon th e 
co t of concrete. It is seen that if th e percentage 
voids i .. mall th re will be a larger ma. of solid 
. ton e in a given volum of loos .tone; 

( ) A m thod of illustrating th relation between th e 
pre.-. ure. and velocitie. during th e pas.-age of th e 
. t am through an impulse turbine of th e De J_;aval 
typ ; 

(d) The . cheme of the multice1lnlar turbine ; 
(e) The heat lo . . e. in an ordinary coa 1 . uction gas 

plant; 
ancl so on. 

1n th e majo1·ity f' cngin 'Cring probl em. th numb r of 
variabl e quantiti .- which effect th e r !'mlt i eldom le.-.- than 
half -a-dozrn- oft n a dozen or two. Even if a r e. ult could bC' 
obtained, a fornmla containing o many variabl es would b 
too cumb r ome in 1 ra ·ti ce. In con:equence, in th e pa t it ha 
he n found exp di nt to introduce simplifying a .. umptions; 
in oth er words, to eliminate all but average e:sentia 1 variable.- , 
o that a not too involved . olution mav be obtained. Dift'er ut 

authoriti s having cliff r nt i 'l a a. to what are the e. sential 
variable.- obtain, with I erfectly correct mechanical mathematical 
analy. i.· , cliff rent solution to t he . ame problem. rrhe general 
tli tl·td in th eory i partly due to the fact, an obvious on , that 
the r esultino· formula• Yery often give errm1eou result:. 
Cl arly, unl . . the fundamental a sLunptions- th e so-call d 
pr mises or . sential variables employed in decluci11g a law or 
formula-are r emembered when u. ing th formula, serious 
111istake ar lik 1~ to be mad . It must be arefully noted that 
111a.thcmatical r a. oning a lone, in ngin erino· problems, does not 
justify the indiscriminate u.-e of re.-ulting formula'!, for th e 
va.t majority of our formulm, for practical use, give only 
~pproximately tru e r e:n lt.- behveen ertain flx cl limit ·. 1 t 
1. sm·1 ri.-ino· how man~· of th e old t heorie · have com-
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1 aratively recently been proved to be wrOJJ g. 'l'he graphical 
analy ·i. · methods ar e to a o-rea.t extent responsible for t his 
rationali.·ation, for t hey determine the laws, and show tendencies 
and give picture. of the opcn1tion: of the variable which is 
altoget her much clearer than if we mer ely consider the actual 
law which described their action.. 'l'hey enable the telescope, 
as well as the miero cope, to be used. 'l'hu., :Big. 26 ·hows th e 
normal wind 1 r e. sure on roofs according to different theories. 
Only three well -known laws, out of many, have been plotted . 
Now all these for mu l a~ give, a: far as one knows, equally correct 
practical r esults, and so it ma )' he rega~~d ecl as a waste of good 
time to both er mn ch with th e complicated formulm. 'l'o 
the technological stndeut, who wish e~ to apply his know­
ledge iu practice, t lt e simpl e stl"aight line fornm la is t he one 
to n:e and become t horoughly familiar with, the other two only 
beino· bri fly coDsidcr ecl . ]'ig. 27 show. th e variou: graphs of 
t he fonnuhe use l in obtaining stres. ·es in thick pipes, clue to 
inten Hl l Anid prc. s11re. Otherwise, using tb e appar entl y more 
exact lavarinos analysis, much time wou.ld have to be . pen t 
in deriving it, for t h · analysis is fairly involved (a solution 
wa. J 1·o Jucecl ) . Altho1wh t hi.- analysis may be r egarded a. 
valuable from th e mathema.tica.l .tandpoint, it is donbtful 
whether it would be of any r al use to the ordinary engineering 
stndent. To the t echnologicall y trained man, who wish es t 
1·a tionall )' a1 ply his kn owledge, th e imple Barlow straight line 
fm ·mnla i. th one to u .·e. 'Ph is view is furt h r emph asized 
whe n appli c1 to orcl inar.v co mmer cial p1·ocl ncts, for t he theo­
retical error, on the si<l e of . a.fcty, r e.· nlt in g from its n ·e will 
o·<'ner a ll:v ll ot <'xceed th e < ctual combined error, on th e side 
of dang r , when using Cla.varinos formul a, clu e to ordinary 
range of varia tion in thickn s. of th e wall , in stl·ength of 
material, etc. 'l'htL ' in pra.ctice the complicated Claval'inos 
formula does not give more a ·cm·a.te r esults t han the simple 
easil y remembe1·ed Barlow. F io·. 28 shows, firstly, the effect 
of sup r-el vation on the over turning speed of a. :team loco­
motiv<'. lt has be n u:nal to .t atc definitely th at the 1·ca. on for 
nri.-i ng t h onte1' n1 il on curves was cl ne to the fact that it 
produced gr eat . b1bili ty against overturning. However , a 
f ew y ars ao·o a techn ologist plotted nrves to show th e effect 
of . up r- l vating, and found it to be small and not worth 
con~i cl ring in 1wa ti ·e, as sc·cn in the di agram. Now the 
fol'lllnla for this over turning . peecl has been nsed many times, 
but all the t im the mathematical super -elevation-overturning 
effect was not un lerstoocl- it r equir ed plotted graph s to en­
lighten ns. The diagram also shows approximately th e 
lerailing, or jumping the outer rail , speed in going round 
curves. It i. 110ticecl that it is inval'iably leRs than th e over ­
tm ·nin g .-peed, .-o that th e latter is actn ally not worth bothering 
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about. \Vh en ·onsiderin o· der ailino·, super-elevating the onte1· 
rail may be dangerous, for if th e locomotive rounds the cm·ye 
at less pce<.l t han the normal speed obtained from the super ­
elevation, t her , will be less downward pre.·. ure on the outer 
f ront wh eels, so t hat the ten lency for th e outer wh eels to 
mount th e r ail will be incr eased. W e now know that th e .-uper ­
<>levatiou is desirabl e for the comfor t of t he pa.-sengers only . 

.ln Fig. 29 i. a typical example of law-determination.- . 'l'lw 
lower diagram shows autogr aph ic r ecords of tensile test. of 
various ·omme1·cia 1 steels of norma 1 quality after ann ea ling. lt 
i. se n t hat t her t' appears to be some conn 'ction b tween th e 
xtJ·en.;t h a n] the p rcentage carbon in the steel. Jn . t r ecentl.v 
h , ul t inu1te strengths, as en in th upper diagram, wer E' 

plottt•d aga i11 st th<>ir r esp ctive carbon conten t an l evid ntl~ · 
a st raight line la\\· exi . ts . Th equation to thi.· straight line is : 
l' ltimate. t r ength in tons 1 er sq . inch= 51 X per cent. arbon + l6. 
1 ow, ordinary .·tc(•ls containin g np to 0.9 per cent . carbon , 
wlw n examin ed un der t he micr o ·col , ai'te1· being etched, are 
"ound to ·on. i.-t of 1 earlite blocks and f re · iron block.-. P cm·lite 
is a co nglomera t • construct d of a lter nating beets of: iron and 
eme11tite and is easily r cogni. eel. 'ementite is a chemical 

componn d of iron and :arbon having t he definit E' formula Pe30. 
Annealed steel conta ining about 0.9 per cent. carbon is lmilt 
up of bl cks of pearlite on ly . Evident]~· th <>n the p('r cc ntage 
pca l'litc presen t = J1] X j)(' l' C(' nt. carbon. Thi . scale has bE' n 
p lotted in uppe1· dia gn1m . Obvim1 ly, wlwn pe1· c nt. = 0 
(i.e .. where .·t raio· ht line <; uts ve rtical axis ) we have tit(• nl t imatc 
strc•ngth of 1 ure iron or fenitc= l6 ton s per :q. iHcll. ( lt i.­
."Ui'pl'isi ng how 111<-lllY attem pts have been mad e in th e pa..-t to 
obtain the . trcngt h of: f ' lTi te- in most casP.· attempts were 
mad<> to prodn e ab ·olutely j)lii'C iron .) Also wh en per <;Cnt. 
0=0.9, when cl alin g only with pearlite, th e ult. str ngth is 
62 ton. per sq. inch . Evi 3 ntl~r _fro m th diagram th e strength 

f: an nealed ste l ] pencl.- .1 omtl y Hpon t he .'tl'(' ll oth of 
i1·on (ferrite ) and the .-tr ength of pearlitE'. Fig . 30 
l'lhows t lw 1·esult of a :y. tematic t u ]y of th e propel'tics 
of: al l t he allo.1 '." of hromium - ·opper -ni ckel, with r eference to 
t hose havino· po. sibl commer ia l valu E' . In the ni ckcl-·rich 
corn 1· of t lw diagram th e all oy have very lm·o·e pol)·hedral 
·1·ystal and a oarse texture, and ha 1e, nsnally, dt>velopc(l blo\1· 

hol<:. in asting. Th e all oy.- 011tainin g large p er centag .- of 
chrominm hav .-uch high melt ing point and are so hard to 
pJ:ei a r that unl ess they find . pecial and important ap] lication .- . 
there is li ttlE' ·han e of th<>ir being used commer iallv. Allo1·s 
containing la1·ge p rcentages of copper with chroTn:ium show 
:u ·h a mark <l . <>gr gation that they do not ma.chin w ll and 
t heir chemica l propertic.- arc poor. 'l' hc region f comme1·cial 
possibili.ti0. fo1 · fu ture inw:tigations, ll'hi ch promises hc.-t fro m 



32 ALFRED TOMLINSON: 

a mechanical and physical standpoint, is also highly r esistant 
to corrosion . 

:B' ig. 31 shows an alignment chart for obtaining the flow of 
water in C.J. pipes, based upon Flamant ·' formula for C.I. 
pipes after a few years' service. It is seen that the alignmeni; 
chart method offers little chance of error . F ig. 32 shows the 
vector analysis method of designing reinforced concr ete highway 
bridges. 'l'he elevation and dimensions of the arch are assumed 
and the horizontal thrust in arch determined by polar graphical 
construction. The probable line of thrust in arch is obtained 
and the stability of the arch determined. Fig. 33 shows tb.e 
vector analysis stability diagrams for dry do~k design. Here 
water pres ure, earth pressure, thrust and arching actions are 
consider ed. Fig. 33 (a) shows the influence line method of ob­
taining the maximum and minimum stresse. in various members 
of a tructure, in this case a 3-pinned pandril arch due to a 
live load. Th e comparatively new purely geometrical influence 
Jin method should be used almost invariably when dealing with 
rolling loads. 'l'hus, for stress in FB the section XX must be 
considered and moments taken about joint E. The influence 
line for stress in FB is such that when the load is at liV the 
str es · is v1T X m-:-~~. The maximum and minimum effect of a 
load rolling over can be obtained by inspection. Uniform loads 
can easily be dealt with. 

(b ) I n the Drawing Office. 

It is soon realized in t he drawing office that the com­
mer ia l aspect-cost- is of fir t imp01tance. The calar and 
vector diagram graphical methods used at college will be th e 
ba ·is of scientific designs, a few i ll u trations of which have 
already been given. 'l'he opportunities, however, for using 
squared paper to advantage in other directions, such as com­
mercial standardization and costing, ar e innumerable. Thus, 
in de:igning tandard articles, the principal dimensions and 
sizes should be. plotted to a base of or ao·ain . t the size of the 
obj et. For example, curves representing the principal pro­
portions of the various portion. of, say, plummer blocks, wall 
bracket:, hangers, couplings, etc., should be plotted to a base 
of the size of shaft when any discrepancies or irregularities can 
be detected and remedied at once. It is r eally surprising how 
many straight line laws exist. Similarly, the fm1damental sizes 
for steam engine design may be plotted to a base of diameter of 
cylinder or hor. ·e-power, wh en it will be seen at a glance where 
the various parts are deficient or in exce. s compared with th e 
general t endency of the series. ]~ig . 34 shows some of the results 
obtained frorn a series of single-cylinder steam engine· . The 
diameter of piston rod, crank shaft and cross-head pin have 
been plotted r espectively to a base of a diameter of cylinder. 
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Tt is seen that th e piston rod and cross-head pin for the 9 in. 
and JO in . cylinder s ar e weaker than th e average. Curves 
should also be p lotted for th e sizes of th e more importan t detail ., 
~n c h as stuffin g hoxes (plotted to base of size of spindle), con­
necting rod ends (plotted to a base of d iameter of l)il1 ), etc. 
vVith a standard series of curves such a..· this for the guidance 
of t h e draughtsmen t he work is -kept more uniform. In 
structu ral design before the str e. ses in th P rar ions portions 
can be obtained their probable weights must be known. Fig. 
3:3 shows typical examples of th e weight of r ailway bridgP.~ . 
Evi 'lcn tl.'' after designin g sin gle track deck plate girder bridges 
for various spans and live loa cl s th actual weights h ave been 
plotted to a ba.-e of th e sp an , and th e even curves obtainc:d. 
As before, discr epancies or irrcgnl arities can ea. ily be detected 
and corr cted. B y interpol ation t he weights of similar type 
lwid ge.- of other spans can be obtained . T he curves may ::~.lso, 
of course, be u sed for type comparison purposes. 

Curves showing actu al costs of all the standard sizes of 
the .-pecialit ies made b:v a firm are of the greatest possible 
assi. tance to th e estimating department. For example, curves 
. ·howing the n tt cost of various p lummer blocks, ·wall brackets, 
hangers, ouplings, etc., should be p Jotted to a base of either 
t he size of shafts (d) or diameter of shaft squared (d) 2 . 

imilarly with steam engin e.-, F ig. 36 sh ows th cost of com­
poun d tandem . team engines, of high class d esign, including 
rope, fly-wh eel, and j et conden.-er, plotted to a base I.H.P. 
developed when working with steam at 100 lb. . pres. ure ex-
1 andin g t en time.-, at a piston speed of 600-700 f eet per mim1te. 
In this case th e law of t he cost cnrve is approximat ely-

Go. t in £'s = 2.75 (T.II.P .) + 440. 
'l'h e cost per ton of n ett weigh t is also plotted to th e same base, 
showing th e uniform.ity of t he serie.-. An additional curve for 
·cmparison with oth er types of engin es could be plotted sho·wing 
to a base of T.Il.P. th e cost of cngin 1 e1· I.II.P. Pio·. 37 shoKS 
the a tua l cost of planin g machin es plotted to a base of l ength X 
width planed. 'l'he .-t raight line lmv is-

Cost in £' = 3.35 (length ft. X breadth ft. ) -+- 60. 
Ao·a.in , wh ere r ep etit ion work is done diagrams sho~ving the 
cost of machining precisely . irnilar articl es and ma.ch iniJJg 
d ifferent sizes ar e ver)' valu ahl e. For example, Fig. 38 sh ows 
t h e eo. t of turning and boring various diamet ers of fly-wh eels 
p lotted to a base of diameter of wh eel. Again, wh ere bonus 
or other systems are in use, squared paper afford. a. r eady 
means of ch ecking t he price.· for the various sizes of standard 
arti les mad e. Thu., ] ig. 39 ·hows th e bonus price paid for 
mouldin g small cylinders for rotary pu mps, plotted to a ba. e 
of capacity of pump in gall on.- per minute. J n this case the 
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:mall er sizes wer e mou lded in th e sand from iron patter ns. 
but th e laro·et· izes wer e struck up in lo::tm, with stri ckl c board ·. 
It is : een that the prices paid for th e varion: sizes fall almo~t 
exactl y on two traight lines. T n estimate. · for . tructnres. 
diagram· similar to Fio·. 35, giving, in th is ea ·e, th e probabl P 
weight. of st el work, enable rough cost or prelimina1·.'· e ti ­
mates to be determined. Practically all drawing office work 
is done nncl er th e compul sion of a time limi , often a ver:· 
hort on . An engineering sy:tem ha. to be in operation at 

a certain elate, or ma chinery ha: t o be designed and const ru cted 
in t i me to catch a certa in steamer , and it i : n eces. ary th at 
drawings he Jrepared, and order. allCI work placed snffi cientl:· 
in advance of th e. e elates, so th at p1·omi:e: may be f nlfill cd. 
Tn order that estimat : may be produced in sclwdnl e t ime, it 
will be neecsscu·_v when the m tmbe1· of estimates i: lar ge t o 
11se a progres: chcu-t. 

Fig. 40~' is a typica l example of H drawi11g office pt·ogres · 
chart. 1'he key at th e top of th e chart exp lains t he meamng 
of the symbols, and th e time divi ·ion by wee ks (approximate]_,-) 
is appRrent. 'rhe order of the method of working i: as fol lo\\·s : 

(i ) 1\Iaking ont a li~t of th e main items of ma chiner: · 
o1· work and p lacing th em in convenient order 
nn ~c1· t h " Subj et " column. 

(ii ) Then, u in g r ed ink, t he forwarding or sh ipping 
date of each it em i · indicated by t he lett r '' S · · 
in t he case of material , or " d " in t he ·a se of 
(hawin o·s . Knowing from p ast record th e prob­
able time r equ ir ed to obtain deliver y, the letter 
'' 0 ,'' indi cating elate at wh ich order must be 
placed , is next located in r eel a corre:ponding time 
before t he '' S . '' If it takes a month, . ay, to 
ohtain bids, and p lace an order after th drawing::: 
and sp cifi ·ations leave th e offl e, th e elate at which 
t hey hould be sent C<1 ll th en 1 e indicat cl by f1 
1·etl " D " :ufficiently in advance of " 0... 'rhe 
dates at which it will be n ee<':. ary to start such 
drawings eau be indicate(l by a r (1 " X. " Reel 
lines should t hen be drawn conne ting '' X·' and 
" D " in order that the " vital p eriod " ma:1· be 
more forcib ly expr e : eel . An in pection of a chart 
t hu . prepared will . how t he chief draft~man 
at a glance t he mag·nitnd P of th work ah ead, am1 
enables him to make th e n ece. :ary provi ion for 
can:riug it out. T :n practi e, of eo m·. , man:· con-

* Q uoted from Dav is : "Enginee r in g Office Sys tems a nd M ethods," 
Chap. X. 
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ditio11s which cannot b foreseen will ari. ·e to alter 
the ideal . chedn le, but th se uncertaintie · are not 
sufficiently bTeat to count ract, in any laro·e de­
gree, t he value of the schedule. 

( iii ) As the drawings arc sent out and orders placed, 
tlwse events ma.v be noted by properly placed 
marks, " D " and "0" in hlack ink. At th e time 
t he black '' 0 ' ' i marked. the letters ''A'' (con­
tractor drawing approved ) and ''cl'' (drawing 
to th e field ) .·hould be placed in red. 'l'he e 
letter:-; in bla ck . how that this part of the \vork 
ha s been disposed of, ancl th y are also valuabl e 
f01 · fn tm:e :checlnl planning. At convenient in­
terval:, say once a week , the chief d r aftsman, by 
rlllming; clown the li:;t, may inform himself of t l1 e 
]WOgTe. s of the j ob, an cl make n ecc. s~:ny m-ra nge­
mcn ts to iluny np any part t hat may be fa lling 
behin d t he schednl e. A }-:J encil check mark at th e 
head of t he li.st mav be n secl to indicate when . n ch 
inspe ·tion \Va. made. 

( iv ) vVh en th e material h as been ·hipped or forwarded 
an d drawings sent to t he work (indicated by 
black "S" and "cl"), a blne ch eck mark at the 
end of t he lin e will . how th at the work on that 
item i. clo.· cl. 

P1·ogn's charts will he deal t with generally under the n xt 
hea lin g . 

(c) I n the W01·ks. 
H er e again t he plotting of t he 1·esu lts of working will bring 

into JH"OmiD ence many important point. which would otherwise 
be overlooked , and also enabl e opiDions on costs, progress and 
p erfo rmance of work to be orrectly ancl quickl:· form d . It 
eliminat s, as far as possibl e, m er gues:ing. It i ·, perhaps, 
unn ' ·cssa r .v to state that th e char ts 11 : ecl. 1 y one compauy or 
co n cJ·n can h;-n·dl:' cve1· : n e. sfnlly be appropriated " holn . 
boln: ·' by another. Pig. + 1 shows a chart for track r e- onstrn -
tion . It was prepar cl by a str e t railwa.v company to en.-ure 
r estoration of street ser vice within th e t ime a-ranted. A little 
st ndy of th chart will r ender it. n tility clear. A system of 
colours to show t he relation of the " work p erformed " to th e 
"work plannecl·· will also be snggested. A typical exampl e of 
coml ination co:t and J 1·ogres charts will now be oiven for a 
concrete con.tr uction job. Three pl'ogress charts m.·e made out 
-on e to cover lahor cost only, one to co ver expenditure in 
mat>ri ah, ancl a th ird g ivin g· a snmman • of the other t wo. Fig. 
Pignre -J.2 (a ) :ho\1". t lw <: hart for expenditnre for labonr. 
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About two-thirds the ,way up from t he bottom a heavy 
horizontal line is drawn to r epresent the estimated quantitie 
and costs, or l 00 per cent. This line also represents the t ime 
for completion as shown in the contract. To illustrate the 
metho l of construction, suppose it is estimated that 4,000 cubic 
yards of concrete are r equired, and the total time for completing 
the work is 4 months. If at the end of the second month th ere 
are only 1,000 cubic yards in place, th e cross hatching und er 
column headed ' 'Concrete cubic yards actual '' will be advanced 
from where it was the previous month to a point, 1,000 cubic 
yards -;- 4,000 cubic yards X 100 per cent. = 25 per cent. from 
the base line of t)le chart. In th e same column th e same st rle of 
cross h atchi~1g (only clotted ) will be advanced to a point 2 month.· 
-;- 4 months X 100 per cent. = 50 per cent. from the base line. 
'l'his shows, of course, that for this particular item that it is 
only 25 per cent. completed, when to finish according to , chedule 
time 50 per cent. should be compl eted. The valuabl e unit costs 
for each month are written in small figures in the total cost 
column. Figure 42 ( b ) shows the chart for expenditure on 
materials of construction, constructed simil arly to Figure 42 (a) . 
Figure 42 (c) is merely a . ummary of t he two just described, 
together with th e plant expense chargeable to that job. The 
first cost, in th e case of new equipment, and th e invoiced value, 
in th e case of second-hand, is charged directly on each job as 
it is placed on the ,work. ']'hen th e invoiced value, if moved 
to another job, is given as credit, leaving the balance as the 
depreciation or ost of plant for that job. One striking aclvant­
ag·e of char t. · of this nature is that on the final entry being 
made they stand as completed job summaries, both a. to details 
and as to total. , and filed aviray with a con. truction progress 
drawing form a very complete record for use in estimating 
other works. Fig: 43 shows a typical chart for monthly com­
parison of manufacturing costs. 'rhe method of compilation is 
apparent. It is evident that as long as the area under the sixth 
line does not project above th e seventh line th er e is a probability 
of profit. 

( cl) GenM·al Jl1ana.g e?· m· Moclent Consnlting Enginee1·. 

Progress charts similar to those already considered under 
( b ) Drawing Office, and (c) \Vorks, will, of course, be u. eel 
by the general manager. An organization chart, kept up to 
date, of the ' 'family tree'' type, is essential nowadays, for it 
has the following advantages:-

(i ) It clarifies the general manager 's or ch ief engi­
neer's own ideas, compels him to justify the 
existence of his principal assistants, and calls his 
attention to desirable increases or decreases in th e 
size of his staff. 
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(ii ) It enabl es the department or con ern to detect 
faulty organization methods or to make helr fnl 
uggestio11s. 

(iii ) It sl1ows th e men to whom they are r e ·pon ibl e, 
and so eliminate. di. putes a. to authority. 

The two following figure. illustrate in a fm·cible manner 
the r elation of the eno·ineer to ar ital, labour and production. 
F'ig. 44 ( a ) :hows the method of organization, if an~' , at th e 
beginn ing of thi: industrial age. Capital and Labour are h r e 
l'epr ented wit hout oro·anization. The owner and workman 
(that is, Capital and T_;ahour ) intermino·lccl a one to achieve 
production. - Fig. 4-± ( b ) . how · t he method of organization 
recently put forwar 1 as th e best und er modern condition:. It 
i.· noticed that the " apital " and " labour " are controll e 1 all(1 
brought too·eth er b.v th e ''chi ef execut ive. '' 

The r emune1·ation of l fl.bonr problems ar generall y some­
what involved. As is well lmown, day \vork is the oldest form 
of \\'age :y:tem and th most wicl ly used, and under it the 
worker. are paid by th hour, cla~' or hift, r egardless of the 
quantit:v of work p1·odnced. P iecc-w01·k i. the econcl oldest 
form, a nd , next to da.v work, is the most commonl y employed, 
and under it emr loyees arc paid by the piece, r egardle s of th e 
t ime take11 . There i. little cliffi ·ulty in uncl erstanhng t·he 
above ystem., b11t with th e newl' l' premium o1· bonus "·age 
. y.tem , whi h l'l'COgni se hoth ontput a nd t ime taken , th 
a:si. ta ncc of cha1·ts or gr aphs a1·C' necessar y fm· a clear under­
. tanding of th e va rious feature. of th cli.fferent sy. tem:. Tt 
i:, however , xc 'eclingly cl iffl ult to r educe them to a perfe tl~­
fa ir l vel in order to make a comparison. 'l'hu .· in some wage 
:y:tems, noticeal>ly differ ential pi e-work and the Ga.ntt bonn: 
:ystem, th e ' XC ption all~· f<:1.t ancl skil lC'cl work r i: tak n in 
d terminino· th bHs(' , sta11darcl OJ' pecifi ecl time, whil e in other 
. :vstem: th e avcr ag·c worke1· i. u:ed. ]''ig. -1:!5 . how. some gr aphs 
of th rate a n ] wages of various \Yage s,v:tem ·. Tn strflight 
piece-,vol'k the pri e ha her e b en taken to be th e ame as 
in the premium sy.tem · when th piece i compl et cl in the 
. o-call ed base or .tandar 1 t ime. In t he Hal y premium 
sy tem, t he t im . avecl i . usually livid cl quall y between the 
employee and the employer , for ease in figuring, but here ha. 
been taken as 40 pel' cent. to th e employee ,in order to compare 
with the 20 per cent. of the Em e1·. on bonus sy. t em . In the 
Car dullo dimini:h ing pr mium sy:tem, N ha been deliber at ly 
. et at 2 to cli . t ingnish it f rom the Rowan Ircmium sy. t cm, 
whil e in the Gantt . ystem the bonus ha been arbitrarily fixed 
at 50 per cen t . From nrve evidentl y , as with t he varion 
system of p iece-work, ea h premium . y . tem has cer tain SI eci­
ally weak features atta heel to it. 'l'lm. , for example, the 
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Rowan .. ystem is not easily understood by the employee ; the 
Cardullo sy. tem favours the interests of the employer , even 
more than the Rowan; the Gantt, like d ifferential p iece-work, 
fail. entirely to r ecognise th e ffect ma 1e by the employee if 
the standard or specified t ime is exceeded ; the Gol ]man sys­
t em.. are rather too complicated; and lastly, the Halsey, 
Emer."Ol1 and Gantt sy t ems are too liber al to the employee. 
[n the shipping of machinery or other material from a 
manufacturing establishment to the ."ite of an engineering de­
velopment certain forms have to be fill cl in, rules of the 
roal omplied with, etc. 'l'he details of the work ar e 0ften 
complex an d bewil dering to t hose unaccustomed to the routine. 
Diagrams . imilar to :~ ig . 46, of pro edure in ordinary dome. tic 
. bipping, in which t he number s indicate th e ord r of procedure, 
t hrow consider able light on the subj ect. Thu. , the goods having 
been propcrl:v marked ancl weigh cl, are taken t o t he freight 
office of the railroad, accompanied by a detailed shipping list 
if t he consignment is large and varied. A r eceipt for them 
is given in the . hape of a bil l of lading ."igned by the freight 
agent . J..1arge . hiPI ers, however , usu all y make out the bill of 
lading themselves, and it is simply . ignecl b.v the agent. The 
agent makes ou t a way-bill , . de .. cribing and routing the ship­
m nt, for the u se of the freight conductor; on arrival of the 
good. at their desti11ation, t hi. way-bill is t nr·ned over to the 
r ceiv ing f r eight agent, who t hen sends to the consignee a 
fet'io· ht bill and notice of arrival. l11 the meanwhil e t he manu­
facturer .. ends to the pm·cha."el' an invoice or bill for the good ·, 
t he bill of lading, and a. copy of the shipping h ·t ( if any ) . 
Th purcha."el' then presents t he bill of ladin g to the agent at 
the receiving station, pay .. the freight bi ll (if not prepaid), and 
takes awa:y t he good . After checking them against the shipping 
li. t , and being ·atisfied of their good order, a chequ in I ayment 
may be ."ent to th e manufacturer and the transaction clo,.ed. 
Diagrams for export shipping may be prepared in a . ·imilar 
way. 

:Much of the wol'k of t he gen er al manager or chief ngineer 
is the consideration and 1·eco mmenclation of cheme., a1Hl 
graphs wi ll alwa:vs help him .. cientifically. Thus, for xample, 
he may he faced with the choice of a prime move1· for a power 
station. Pig. :1:7 r epresents curves based on costs in England, 
February, 1914, showing the costs of power stations in £'s per 
kw. capacity, in cluding electric generators, . witch board , build­
ing, foundations, cr anes. It is easily .. eeu that, as far as the 
diagram i · concerned , with power station.. over 1,000 k.w. 
capacity, steam turbines alone are to be considered. Other 
d iagra ms ar e, of cour. e, nece ... ary for a p roper under standing 
of the p1:oblem. Thus diagrams are r equired plotted to a base 
of capacity of p lant in k\v. , . howing cost per kw. hour, r e-
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. pectively, of oil, waste, water , and stores, and management, 

. alaries and wages, and cot of r ep airs and maintenance. With 
diagrams a rational und er tanding can, comparatively easily, 
be arrived at. 

The advantages of the graphical method. of study, a we 
have seen, are as follo·w: :-

(1) They present a picture, or bird 's eye view, by 
which the mind '. eye can comprehend, at a glance, 
th e nature of the r elationship or vari ation between 
quantitie: which are dep c'nd cnt npon on e anothel'. 

(2 ) 'J' lwy provide for an easy (letection of any unu. ual 
variat ion. 

(3 ) Th ey are a great time-saving device . 
( 4 ) They correct for errors of ob:ervation and cal­

cnl ation, and ar e often self checkin g. 
(5) They enable laws and empirical formul ~ to he 

easil y determined. 

It i noticed that through lack of time th e many self­
recording curve devices, so n · ces. m·y nowadays, which n ee;es­
·_'itat e gr aphic analysis, have not been cl a.lt with. It is 
lnter e.-ting to note, however , as we have s en , owing to the 
fact that many of th e graphical analy. is method s (particul arly 
the v ctor ) ar e purely geometrical, t hat mechanica I machi11 es 
O~" instruments may be on . tru ct ed to give t be r equired r esults. 
'1 hu., t he well -lmowu Planimeter or Tntegrator i: u . eel for 
gra1hical integration ( i. e .. for obtaining areas ) . Anoth e1· in­
st rument, th e Integ1·aph , not :o well kn own , clifi'ers from t he 
P lan imeter , for it draws a curve of areas such that th e ordinates 
represent t he area of th e given curve up to this ordinate. 'l'he 
Differ en tia tor instrument is used fo1· graphica 1 cliff r entiation 
( i .e., for obtaining :lope: ) . 

The fumlarneutal s iences of ellgineeJ·s- mat hematics and 
Phy ic. - are, for onr beuefi t, beino· re-written in gr aphical 
anal y.-is. Graphics al'e eve1·ywhere u:ecl in de.-igning bridges, 
bnilcliugs, sh ip., engines, machinery, and electrical equip­
ln ent. W e r ealize that chart. ar e nece. sary in '>~' orks of 
~on. truction, maJJ agement and orga ni zation of eng;ineerino· 
lndu try. Graphic methods are indi:·pensable to engin eers. 
~ inally, it i.- evident from the f ew sngo·e. tions pnt forw ard 
111 this paper of th e study of data by graphical meth ods 
that it is a means for lighte11ing th e ever -growing t echnical 
~11 d industrial bnrden, not by doing less, hnt by doing mor e 
111 mu ch easie1· fashion. 
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OME 'l'IIOUGII'l' ON RE 'ON rrRUOTION AF'l'ER 
rrHE WAR. 

(BY PHOFE OH SIHNN. ) 

On eptember 5, 1917, Professor hann delivered an inter ­
sting paper on the above . ubject. 

END OF VOLUME VIII 
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VOL. IX. 

PROCEED! ' GS- WESTERN AUSTRALIA • INSTITUTION OF ENGINEERS. 

(Incorporated) -

PAPERS AND DISCUSSIONS. 

The Institution is not responsible, as a body, for the facts and opinions advanced 
in any of its publicat ions . 

GENElUL l\{EE'riNG nEJ.,n A'l' Tl m 1N s·n~'U'l'ION 's RooMs ON 
15'1' 11 1\'L\Y, 1918. 

PH.ESIDEN'l'IAT.J ADDRESS. 
BY J. R. w. G _\.HDAM:. 

ln op ning this e: ion, I wi. h first of all to expre. s my 
sincerest thauks to you for honouring me so highly by electing 
me yom· Pre. ident, and I hope by giving the position every 
po · ible attention to maintain the dignity it has attained by the 
efforts of my pred ces. ors in the chair, and I ask you all to 
help the objects for which this Institution was formed, by 
taking an activ part in it proceedings and promoting its wel­
fa r e. 

We still Dlld the whole world engaged in this agonising war, 
but the . orrows attending it will have been well endured if 
the enemy' claim to world domination are eternally vanquish­
eel. vVe look forward to the clay wh en we can welcome back 
our splendid men , who have borne the hardships and dangers 
at the front that Australia may live. 

'!'hough the de. truction during the war has been . ·o appall­
ing, we may, however, find some gleams of consolation in the 
ay1rakening of British manufacturers to the po. sibilities of more 
efficient work:iJJO' and method , the shaepening of the inventive 
facuJties of those who hav had by force of circumstance to 
meet unsuspected and immediate demands, the great lessons 
of how organisation can facilitate the handling of immense 
quantitie of material and of men, and, above all, the urgerit 
nece sit., of not only the Empire, but of Au. tralia, being o 
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self-contained that never again shall we find ourselve de­
pendent for many vital necessaries on foreign countries, that 
might at any moment become our enemies. The war ha shown 
us ou.r imTnense r e. ources, most of which were hitherto neg­
lected; it has drawn attention to the importance of scientific 
research; it has made us learn to make the most economical use 
of what we have ; and it has empha ised the importance of 
the engineer both in war and-in the 1 eace to follow. 

This In. titution has a very valuabl e function to 1 erform 
in bringing engin eers into closer ontact with one another, 
and 'Ne can benefit each other by di cussing free]~' subject 
of an engin eering chara t er, and by exchanging our experi nee . . 
To prepare a paper for reading before member ca use. u 
to study the subject an w and seek the latest inf:onn ation 
con ccrnin g it. 

The time is opportune to unite with kindred societie 
throughout Australia in the formation of a Federal body to 
afeguard th e interests of the profession and to give them 

their proper status in matters of national importance, and I 
sincerely hope the conference, to which we have sent two dele­
gate , will find it po .. ible to frame a constitution acceptable 
to all th e participating bodies. We do not wish the p1'oposed 
Institution to concern it elf with trading problems, nor with 
wages or .·alari s dispute·, nor to compete in any way with 
t he ·work of the participating scientific and prof:es. ional societies, 
but we want it to be able by the selection of th e best men in 
the profes. ion to speak as a body as truly r epre entative of the 
whole engineering profession in Australia. 'rhe qualification 
for membership of the numerous societies very naturally differs 
considerably, but the Australian Institution will be in th e 
position of admitting only th e most qualifi ed to full member-
hip, and consequently to be a. member of that body will be 

a hall-mark to one's status which will be a valuable a. 
m E'mbership of the parent In. titutions in Great Britain. 

Our comparative isolation from the manufacturing coun­
trie.· ha. awakened us forcibly to our failure to make u. e of 
the profu c natural resources we have available. 'l'houo·h we 
have iron, lead, copper and tin in abundance, our local r e­
quil·ements were not met, but pra.ctica ll y the whole \vas sent 
out of the country to be turned into manufactured good . 
Until about a. year ago not a. . heet of copper was rolled, nor a 
copper tube drawn, for the very humiliating reason that the 
Germans had entire control of all the copper produced. 

All thi. i. being rapidly r emedied, and industrie. are 
springing into exi. tence, aided by the high prices now obtainabl e, 
which gives them good time to become well esta.bli. heel befor e 
prices again become mor normal. 
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'l' he iron and steel r equirements of the Commonwealth 
open up a large field for this industry, as in 1913 no less than 
7 i million pounds' worth was imported, including about 150,000 
tons of steel raiL p er annum, and £2,000,000 worth of plain 
an d corrugated iron sheets. 

At last the iron and steel industry is firmly established, 
and every praise is due to the courage and enterprise of men 
like Wm. Sandford, who er ected the first blast furnace at 
Lithgow, .S.vV., some twe"Ive years ago, which p lant, surviving 
many troubles, is r eaping the benefit to-day, and to the courage 
of the Broken Hill Proprietary Co., which has expended over 
2i millions on the steel works at Newcastle. 
I 

'l'his Company is the fortunate owner of the richest iron 
ore deposit in the world, th average yield being 68 per cent. 
of metallic iron, while in England the ore averages about 30 
per cent ., in America from 50 to 55 per cent.; thus the 
superiority of the local ore is shown by the statement that 1-! 
tons of ore will produce a ton of pig, meaning a considerable 
aving in coal and flu:s:, compared t o the nited States, Sweden 

and Russia, which r equire two tons of ore to the ton of pig 
iron, 2.4 ton. in Great Britain and Germany, and about 2.7 
tons in France and BelgiHm. 

In addition, the Company owns lime-stone deposits in 
outh Australia, and the steel works being built at Newcastle 

enables them to obtain unlimited upplies of coal. 

rrhe magnitude of the last mentioned works is indicated 
by their operations for the month of February, which showed 
that their bla t furnace produced 10,534 tons pig iron. The 
open hearth furnaces, of which they have seven, produced 11,665 
tons st eel. rrh e Blooming mill produced 10,660 tons steel ingots 
and the rail mill rolled 5,986 ton of rail. and stl-nctur al steel. 
Over 200 tons of 12 and 22 ft. plates, of varying thicknesses 
from i in. upwards; w ere rolled, and th e 8-in., 12-in . and 18-in. 
::\ferchant mill produced 2,490 tons of light ra ils, bars and rods. 
An adcli tiona l blast furnace is under construction, and the 7 8 
coke ovens, which in F ebruary made 11,210 tons of coke, 115,062 
gallons of tar and 135 tons of sulphate of ammonia, are being 
added to by 54 oven s, which will theD make 300,000 tons of 
coke a year. 

At the l\Ielbourne works of' Chas. Ruwolt, a side-blown 
converter (a modification of the B .. em er process ) has been 
put clown, which is capable of making steel ea. tings :r;anging 
in weight from a pound or , o up to 8 or 10 tons, and is turning 
out large qu antities of castings for rolling stock, mining work, 
O'earing, etc. , of various clas. es; and in other pax-ts sever;-1.1 
foun dr ies are h ing established to carry out similar wol'k. 
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1 ow that bloom and ingot. · can be obtained in any quality, 
this enable many manufacturing plant to produce the fini heel 
article, while iron and steel ea tings can now be turned out of 
any size. 

Electrolytic copper has been produced in N.S .\¥. for 
many years, but now . olicl drawn tubes and copper sheets are 
being rolled, whilst larg work. have been built for drawing 
copper wire. 

Corrugated iron is a commodity that has increased in cost 
five-fo.lcl since the b ,.innino· of the -vvar, but now work are 
being ere ·ted to meet the demand. 

Once the raw material i available in form suitabl e to the 
manufactm·er, there is pra tica ll y nothing of any engin eering 
character that he cannot build , and in many re. pects thi. ha 
been proved by the railway locomotives, tationary and marine 
engine of considerable size, steel ships, com1 ressors, pump. , 
and cv n electrical machin ery, which have been con. tructed. 

""Whil e all this is practicabl e, given the material and the 
nece .. ·ary kill, the matter of cost is s condary under pre ent 
cond itions, but this · will not continue after the nation. haw 
r eturned to their saner pre-war occupations, and exce. sive taritl' 
protection will not enabl e th e high-wage go-.·low policy of th 
union to keep out competition. Good wag . are es ential to 
t he w lfare of the community, but th e end eavour ·mu t b to 
cl vi. e machiner y which will incr ase production to the gr eatc,;t 
extent, and the workers mnst not hind er that r ealization. 
America has shown that high wage. an be paid if unlimited 
proclu tion is permitted by th e introduction of la bonr 'l<tving 
devices, but our labour leaders discourage production by limit­
inn· the number of ma chines a man may t end, by not allowino· 
unskill ed men to do unskilled work, by limiting the number 
of ar pr ntices to an absurd figure. 'l'he Australian workman 
is a.· intelligent as an~' worlnnan in th e world, hnt he i. not 
allowed to u. e hi . kill to the best advantage, and th e labour 
1 adcrs are ignorantly short-sighted if, as. I uncler .tand, th ey 
hold the view that th less work a man doe. the more labour 
is r equired, for inch1stries cannot be increase l b~r the ·e method .. 
wher eas the more incln tries we have th e greater the demand 
for labour. 

Vi7hat can be said of labour which is creating the ])l'e. ent 
position ? In the year ] 917 th er e were 444 disputes, invol ving 
1,941 . tablislnnents aml 174,000 workers, who lost 4,689,316 
day.·, r epresenting £2,641 ,735 in wages, the most extensive dis­
pute during th e year bcino· the obviou:ly in sincere objection to 
the card s.v.-tem. In ten years in N.S.W. wages incr a. eel more 
than 50 per cent., an average of from £97 to £147 per annum, 
whil e th e numb l' of ahlr-bodiecl un employed wa in the la.'t 
quarter of 1917 th e worst on r ecorcl. 
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While politic · are rightly barred from our proceeding , 
1 woulcl point out that the initiation of new indu trie is 
r ceiving a severe etback by the War 'l'ime Profits Tax, -vvhich 
bears h avily on young or new industries and not at all on 
the concern. which ma 1 huge profits before the war. Jew 
ind n. tries a1·e be."et with other difficulties enough, and capital 
wil I not be forthcoming to assist them if ·ufficient profit i. not 
allowed to be made to ·arr.v them ov r the attendant lo. es 
aml the time to come wh en competition becomes k ener. 

'l' h completion of tl1 e rrran ·continental Railway b · tween 
Ka.lgoorlie and Port Auo·usta i · an epoch-mar king event in thi 
'tate's history, and while w have b en a 1 art of the Au tralian 

Commonwealth for . even teen year.· until this connecting link 
became a fact, separated as we wer e from the near st tate 
hy four day.' ocea n trav l, it wa . difficult to realis we -vvere 
a part of the ·ame great country. Since the official opening, 
howev 1·, which took pl ace on November 12th , 1917, w fe l in 
clo. e1· tonch with our partners in the Commonwealth . 

The line is 1,053 miles long, of which 454 are in W estern 
Australia a ncl 599 in 011tb Au tralia, and though of engineering 
clifficultie. there wer non , i.t wa . over five y ar . after turning 
the first ocl before th line wa opened for traffic. 'l'he time 
taken in constru ·tion was lenothen d b~· t he frequent . tl·ikes 
of the men em1loyed , thouo·h hi gh wage. aud every con icleration 
for their comfort \\"H.' afforded them, and to cl ' la ys in cl liveries 
of supplies from ove1·s a. con qu en t on the war. The cost of 
con tnlCtion, wh~ch wa. e. timatecl at £4,045,000, ha been con­
·iderably "X edell , and although th e line has yet to be balla ted, 
the cost to elate is 6t millions. Thi. is partly ac ·ountecl for 
by large increa es in the cost of mat ria ls and improvements 
on the original design, but more particularly i. a condemnation 
of the day Jahonr sy tern. 

At pl' ent the average speed attained i about 30 mile. 
p r hom·, but wh n balla ting, which i . now being proceeded 
with, is compl ete 1, an averag . pe d of 44 miles per hour, 
including stop.-, '"'rill he attained; the time then o cupied will 
be 24 hom·s between Kalgoorlie anl Port Augu. ta. 

'om of the conditions m t with in the construction of 
tb i line were unique, and probably no similar l ngth of r ailway 
in the world '. history has been built wh er e natural aids hav 
b en so ab olutely lacking. Jn its entire length ther e are no 
p rm anent tream., and on a . tretch of 840 mil es there was 
only one known . om·ce of water . up1ly; for nearly 800 mil es 
t he country wa. without a trace of settlement, and for 450 
mile. ev n firewood wa. unobtainable. 

The ab. ence of water along th e route was one of the main 
obstacles, as I robably no part has an average rainfall of as 
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much as ten inche. p er year, and for the most part the surface 
is so fiat and the soil so ab. orbent that dam building would 
be of no use. Accordingly, dams have only been built for the 
first 150 miles at this end, and the first 250 miles at the Port 
Augusta end, and along these distances storage has been provided 
for 50 million gallons. Many bores and wells have been sunk 
along the line, but the quality of water in many of them wa 
found un uitable for locomotive use, while in one stretch of 
150 miles every bore put down gave salt water , and in two 
places condensing has had to be resorted to. 

The country through which th e railway passes is unpromi -
ing. Th e fir. t 167 miles from Kal.goorlie run over a granitic 
plateau covered with salmon gum and other eucalypts and 
. andalwood, then for 450 mil es i. a limestone plain on which 
ther e is no vegetaticm but bluebush and saltbush, then fol low 
the sandhill belt for 50 miles, after which to Port Augusta 
the country is varied and mostly well timbered with bl ack oak, 
myall ancl eucal ypts. The 1 ossibilities of the country traversed 
have yet to be discovered, but there is no doubt that the lime­
stone country is suitabl e for cattle and sheep, while much 
wealth may ultimately be won from th e auriferou .· belt at 
both ends of the line. 

The Government electric I ower scheme should prove of tb e 
gr eatest a si tance in promoting industries in and around P er th 
by providing cheap electrical power. It has now been in 01 era­
tion for over sixteen month s, and has already r each cl a profit 
earning state. It 'vas f eared \vh en started it might prove to 
be of too large cap acity unless railway electrification was pro­
ceeded with, but by judiciously offering attractive rates to 
long-hour customers the load has risen to considerabl e dimen­
sions, for with the pre ·ent demand and what is already 
contr acted for, the connected load will total J 7,000 K.\V. , which 
will make a ma ximum demand on the station of 7,500 K.W., 
and consume approximately 17 million ru1it. per annum. This 
is made up of the foll owing hver se loads :- Town lightin g and 
power at P erth, Fremantl e, Midland Junction, Guild for d, V{e t 
Guildford, North Fremantl e and Cottesloe; tramway. at P er th 
and Fremantle, flour-milling at P erth and Guildford, metal 
rolling at P erth, superphosph ate works at V. est Guildford , en­
gineering works at th e Naval Base and Midland Junction, the 
·wireless station at Applccross, the military camp at Blackho r 

Hill, the Greenmount Quarries, and the electric steel furnace 
at Midland Junction. 

'l'he eh erne has proved itself emin ently . ·uited to its pur­
pose, and though th e periodicity of 40 cycles p er second has 
been mnch criticised , whil e it is a convenient mean frequeney 
t echnically for a.ll purpo. es, th e fact that it differ s from the 
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tan lard in England and Au ·tralia r enders all appa1·atus for 
its supply to be specially con . trnct cl for it, th er eby increasing 
t he eo. t, limiting the stock available, and delaying deliveries, 
which are very . erious objections and would have been obviated 
had th e consultino· engin eer 1 ror r ly investigated local con­
clitiol1S before putting th eir ideas into effect to our disadvantage. 

In view of the inception of an electric steel furnace in this 
tate, m mbers may be inter ested in a de cription of the method 

employed , tog ther with som r emarks on teel making in 
general. 

Steel may be de:fiJJ ed as purified pio· iron which hfls hcen 
cast while in a molten . tate and in v,rhich the carbon and im­
puritie. in the original pig iron have been r educ0cl. This is 
attained by oxidation, by dilution with a. metal of lower carbon 
·ontent, or by oxidation and clilntion combined. Steel contain 
from .15 to 2.5 per cent. carbon , while pig iron contain. from 
2.5 to 5 per cent. Tn r edu cing ores in th e bl ast furnace rougl1 
m tals are obtained which contain many impuritie., principal ly 
silicon, sulr hur, pho phorns and manganese, and in the fining 
proces.- th se are eliminated by oxidation. In the open lwarth 
proce th e carbon is r educed by mixing low carbon mixture 
with th e pio· iron , and in th Bes. cmer proc . . by burning the 
carbon out of th e pig iron. \ \ hen th e fina l . tage is r each0cl, 
·pieg l i.-011 or f erro mangmw.-e are added. Th affinit~ · of 

mangan c.-c for iron i le. s th an that of manganese for oxygen, 
and tlwrefore mangan ese r ecln ·c. th e iron oxide. b~r forming an 
oxid e of mangm1ese, whi h with .-ilicion. slag for m. silica t e 
of manganese, wh ich r 0mains in the slag and at th e same tim e 
rend rs it more liquid. 

1'he lin ings in either of th e two proce se may b acid, 
that i., .-iliciou . ; m· basic, that is, magne.-ia or oth er r efra ctory 
material. In th e bflsi · fnr rHlCt' high p hosphorus an be elimi­
nated b:--· aclcling lime. but in th e acid furnace th e . ili ca lining 
would 1·edu ce th differ ent phosphate. in forming sili cat . 
going to th slag and phosphori c anhydride, ·which would r emain 
in th e bath and would be r ecln crcl by th e carb011 , thns th e 
phosphorus would r emain. 

rrhc open hearth proces.' consists of a r everberatory furnace 
on th e l10arth of which is placed the pig iron and other material. 
to b melted, and th e high t emperature r equired is obtai1 red 
by burning combu. tible gases p1·oclncecl in gas producer s, in 
th e furnace. 

The Bes. emer proce. . con i.t . of a. converter , in which 
air i. forced uncl r pre.-. ul'e through th e molten pig iron as 
it ome from th e blast furna ·c, " ·hi ·h oxidises the ir011 , forming 
oxides of iron, which are in hwn r edu eel by th e impuritie. 
to be r move '1 . 
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'l'he electric furnace economically produces th e highest 
t emperature obtainable, it gives 1 ositive control of temperature 
and time, it produces more . teel in a given time than other 
methods owing to more rapid melting, it does not contaminate 
th e charge through ga. ·e and other impurities as occurs in 
·other :ystems, the metal i: melted in a neutral or reducing 
.atmosphere, and the refining can be carried to a very high 
degree. vVhereas the open hearth and Bes. emer processes are 
trictly limited, th e lectric furna c ma:v produce steel equal 

to an.v of th e other proce :es . While consideration must be 
given to th e cost of doing so, for if only the eo. t of pow r 
i · compared with the cost of fn el iu the open hearth furnace, 
th e electric furn ace would not be commercially feasible and 
cmmot compete with the hl a t ful'nac for sm lting iron ores, 
bnt it is t he bt>.t m ans of producing high quality .t eel and 
will produce steel as good as that made by the ern ibl e proce: · 
at a competitive cost. 

Tt i. :tated that over 470 electric furnaces are already in 
use throughout th e world. Of the: , about 200 have been 
installed in America , 1 roclucing annually 1,200,000 tons of 
. t eel , th e largest furnace being at the Carneo·ie teel Work , 
which is capable of working up to 30 ton:, produces 6 heats 
of steel per 2± lwurs, ancl i: said to consume only 175 K.Vir. 
honr. per ton working on hot metal. In Canada there are 54 
furna es, producing 230,000 ton: p r ammm, included in thi: 
beino· the largest electJ·ic steel plant in th e world, producing 
70,000 tons per annum. 

'l'her are man)' types of electr ic furnaces, ompl'ising the 
Radiant Arc type, of which tb e tas ano furnac is typical , 
and wh ich melts the metal by the heat radiated from the arc; 
t iw At·c Conduction type, of which the Heroult furnace is an 
xample, in which the current passe. from one electrode through 

th e arc gap, along t he. nrface of the meta l, through the arc gap 
back to the oth r electrode, or the Girod furnace, in which 
th cnrr nt pas.· .- from th e electrode through the arc gap to 
th e metal , thence to the condncting bottom of the furnace; 
the 1 nduction ty1 c, a. in the Kjellin furnace, wher e the metal 
bath is in th e form of a ring, which is the short circuited 
secondary windino· of a transformer embedded in th e furn ace 
itself; th e Dir et Resistance type, such as the Acheson furnace, 
in whi h the electrodes come into contact with the charae which 
form . the resistance; the Direct Radiation type, such as th e 
Ho:kins furnace, where the resistor is in contact with th e 
·rucible ancl heats the harges by direct radiation; and th e 
Indirect Radiation type, . uch as the Bailey, where the resistor 
heats the charge by reflecting the heat from the enclosing wall 
<>n to the charge. 

'J'h one, however , that is now almo t exclusively used for 
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. te 1 makino- i th e Arc Conduction type, and as it is ot thi . 
type that th furnac being install ed at Midland .Tnnction is 
one of the most modern example , I will briefly describe it. 

The furnace is known as th e Electra Metals or Gronwall 
type, and u:es 2-phase current obtained from the 3-phase supply 
through the static transformers Scott connected. A sepa r ate 
pha e i: connect i to the two lectrodes, which pas. es through 
th roof of the furnace, wh er e they are water-cooled. Th ese 
electrodes are rai ·eel or lower ed as r quird by two motors con­
nected to t he gearinO'. 'l'he third l ctrode i. situated below 
the ba. ic lining a11d act as a common r eturn to th two phases. 
The current, th refore, flow. f rom th e transformer. to the 
electrod es by copper lead., t hence across th e arc gap through 
t he metal charge through the bottom lining to th e bottom 
electrod e and back to the transformers. The advanta.ge of two 
1 ha e working is t hat the irculation of the molten . teel i. 
improved, thus helping th e r efining action of th e slag lying 
on the metal and distributing the heat evenly throughout the 
whole mass; it al. o is les. : ever e on th e supply system; a.· one 
ar c may be interrupted \vithout affecting the oth er , wh er eas 
in a single phase furna ce th e whol e power would he cut off. 
This type of furnace is al:o preferabl e to the I-Ieroult type, as 
the latter ha. th E> disadvantao·e of . m·face heating, which i 
und . irabl e, as the ferro alloy: r eqnirecl in high quality stE> ls 
. ink to th e bottom and accordino·ly lo not melt .·o quickly. 

The furn ace it. lf is of steel plate con. truction and mounted 
on rocker a. tino· , . o that it can be tilted to draw off the . ·lag 
or to run off th whole charge into t he ladle, this gearing being 
a ·tuated by a motor. The hearth i. of basic r efractory material 
and th e walls and roof of highly r efractory bricks. 'l'h e steel 
frame of th e roof is sE>parat from th e r e. t of th e furna ce, . o 
that it can bE> quickly r emoved for r en wal of the lining· . 

uitabl e doors are provided for cha1·ging the fur na cE> and f01; 
running off the slag and product. 

As the amount of current taken by the furnace i. adjusted 
by rai. ing or lowering the electr odes, it is usual in some of 
the larger furna ·es to keep t he current t eady by actnatiug 
them by motor: automatically controll ed, but in th e one to 
be erected here, which will have a capacity of 3 tons per chm·g , 
the electrodes will be operated by hand, a. it is not con:icl ered 
that any advantage would be gain ed by automatically controlling· 
th0m. 

'l'he usual practice in working an electric furna ce i. a. 
follows :-

The charge, consisting of steel scrap, '"'hich may have 
pra ti ally any analy. is, i placed on th h arth, the electrode: 
ar e then lower ed and th e mTe11t tnr ned on. Pool. of molt n 
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metal . oon app ar roun l the electrodes, and an oxidizing flux 
of lime, sand and spar and either ore or mill scale i. added, 
which, wh en the charge is entirely melted, takes up the phos­
phorus, forming pbo. phate of lime; the carbon, silicon and 
manganes in the scrap are oxidized and their oxide. are dis­
::;olved, . ·ome of the sulphur is also oxidiz cl and pas es off as gas. 
'l'h e lag i then dravm off and a new purifying lag, consisting 
of lime spar and sand, is fo1·med to r ecarburiz the bath in 
order to give the required carbon to the . teel and to deoxidize 
it, a· it has becom oxidi~.:ed, due to the oxide of iron in the 
crap and th e oxicli~.:ing . lag which wa · nece sary to r emove 

the pho:sphoru... As soon a .. the slag i,. formed carbon is added 
and the oxides of irou pass into th sla g and the carbon r educes 
it . In th i. 'vay t he oxide· are gradually removed from the 
whol of the metal; at t he same time the sulphur i. wholly 
removed from the metal in to th lag. The steel is now r eady 
for pourino·, and sucl1 addition .. of alloys are made a are 
de. ircd in the steel. 

'l'h c pressure use l during the melting period is about 0 
volts, but as much le.. power .is required during the refining 
proce .. s this is then r educed to 50 volts, r esulting in les. wear 
and tea r on t he f 11rnace linings, the different pressures being 
obt<l ined by conn cting to suita bl tapping. on the tran. formers 
by m ans of interlock cl . witches. 

rrh e power taken b.)' t he fnnw.ce depends on the size and 
the d gr ee of refinin g carri ed out, an l varie. from 600 to 900 
kilowatt-hour., whil e th e tran:former capacity requires to be 
about 400 K."'W. per tm1 below 3 tons capacity, 300 K.W. per 
ton up to 10 tons, a.ncl 200 to 300 K.W. above 10 tons. 

'l'he characte1·i tics of electric . teel due to it. freedom from 
oxyo·en and it .. low pho. p horus and sulphur cout nt ar it .. 
ft·t•t•Llom from .. egr eo·ation, hlow holes and sul'fac defect., and 
its "Teat homogeneity . l t is som what higher in tensil e . trength 
and cla.tic limit than oth ' I' s1 'Cl. a11cl . hows a marked r istan e 
to fati.o·ue due to it greater den .. ity. 

The Au.tralim1 E lectr ic Steel Company is to be congratu­
lated on its enterpris in settin g' up the industry her e, and 
it fully 1 serve. th e great st m a ure of sncees . 

In conclu .. ion , T tru.t th e brilliant opportunities opening 
up for e1wineers wi ll be availed of by them, and that each 
by his z al and enthusiasm for his profes .. ion will merit the 
conficl cn c he is entitled to. 
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ENGINEERING PROBLEMS IN ANCIENT AND 
MODERN GUNNERY. 

BY PROFEssoR A. D. Ross. 

Until the fourteenth century war engines were almost 
entirely weapons designed upon the principle of the sling. 
'l'hus we have the ca.tapultae and balista.e of the ancient Romans, 
the former machines discharging darts and the latter heavy 
ston . ·. ln more modern times we find the trebuchet of t he 
French-a beam ling for hurling stones, incendiary materials, 
Ol' putrefying carcases-a machine which survived the intro­
<luction ·of artillery. 

The invention of gunpowder, however, r evolut ionised the 
art of warfare. It has been comrnonly said that gunpov.rder 
\vas known to the ancient Chinese, but r ecent investigation 
have disproved this. The Chinese certainly knew of various 
incenliary compositions, but their knowledge of gunpowder 
was acquired only in the fourteenth century through information 
tran . . mitted from Europe. There seem. reason to believe that 
the discovery of gunpowde1· wa. made in the thirteenth century 
by Roger Bacon, an<l Colonel Hime, who has given careful 
attention to the subject, has produced much evidence in support 
of the ontention. 

'l'he first gun. wer e con tructed early in the fourteenth 
century. A r ecord of th City of Ghent dated 1313 refers to 
the r ecent discovery of b nssen, and subsequent entries r efer 
to t he dispatch of bu .. en and gunpovvder to England. A the 
term bussen had then been long in use to denote hand grenades, 
it is apparent that the wor d wa u ·eel in a new sense, an<l 
probably indicated a rudimentary gun. Certainly we have 
clear evidence from a picture dated 1327 in Chri t Church 
Library, Oxford, that guns of vase form were then in use for 
t hrowing huge metal darts . 

Flanders soon became the centre of gun manufacture. 
\Vhile no guns we1·e used at Bannockburn in 1314, nor at 
Berwick in 131 , they were-according to Froissart-used on 
the Continent of Europe in 1338-9, and in particular they 
were u. eel at Crecy in 1346. 

The early cannon or bombards were built of forged iron bars 
or staves ru~ming longitudinall y, and were bound together by 
wrought iron hoops. The hoops wer e shrunk on, but could 
have given only very limited strength against the radial and 
hoop stre. ·ses on firing. Indeed, it is remarkable that guns of 
moderate· size wer e made and used, although built up merely 
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after th e manner of a cask. 'L'h e famou Mons Meg, manufac­
tur cl about th e rnicllle of th e fifteenth century, wa a gun 
built on thi principle. 'L'his r emarkable piece of ordnance 
had a 20-inch bore over 9 f eet long, and weighed n early 9 tons. 
U. ing a charge of about a hundredweight of gunpowder , she 
threw a 549-lb. stone ball nearly 5,000 yards, or a half ton iron 
ball over 1,400 yards. 'l'he o·un was used on many occa. ions, 
and although her active life end ed in 1680, she is still in exi tence 
at Edinburgh Ca. tl e. 

Early ordnanc w r e most]~, breech loader .·, and th e clo.·ing 
of the powd r chamber wa. often effected by iron wedg·es­
a crude m1d ineffi cient method whi ch must have matl e guns a 
clangcrons to the gunners a. to th en em~' · Elevation \l"<'l 

ecured in a very rough manner by fixing th e gnn in a wooden 
Cl'a]} , which WaS elevate ~ between upright po.tS provided \Tlth 
hole. and pins like an ease l. The mo. t r emarkabl e feature of 
th e. e guns was th_at no provision was macl e for r ecoil. 'l'he 
gun was firmly banked np, and . o bei·ng unable to give to the 
shock of dischar ge, was .-ubjectecl to t errific . train . A bout th e 
middl e of the fifteenth century trunnions wer e introduced to 
allow of elevation by putti11g a wedge below. th e breech , sup­
ported by a transom. 'I' he trnnnions being a bout the miclill t> 
of th e o·un , conveyed th shock of firino· through th e trunnion 
bearing to th e ch e k of th gun carriage, ancl thu to th e trail. 
'l'hi.- l veloi ment th rcfore r esulted in th abandonment of 
th old ab. unl . y. tem of banking up th e gun behind . 

In th . ix:teenth century bronze gun . becam common, and 
at a much later elate ea. t iron guns wer e used. To withstan cl 
the high pressur e. developed in moder n gun ·, a low carbon 
nickel-chrome steel is now employed, th e material beino· hard 
and highly elastic and t enacious. Th e. e gun. are invariabl y 
bni lt-np guns, consisting of sevm·a 1 tn bes, and- in th e a. e of 
British gun. - with steel ribbon r einforcement. ]Jet ns con . ider 
th e advantao·e of uch construction. 'l'ake th e case of a . in gle 
cylindrical tube ,·vith thi k walls subjected to internal pressure. 
At ach point of the material the stre. . has three omponent. , 
viz. , a radial . tress, a tangential or hoop stre .. , and a longi­
tnclinal . tress. I£ th metal wer e initiall y nnstrained, at th e 
tim e of firing, the first component . tress would be compre. ive. 
ancl th e two latter compo nent. ex.ten ive. Tn 1 oint of fa ct , the 
lon gitndinal .tress i. small compared with eith er th e mdial or 
th e tangential str ss, so we need concern ourselv s only with 
the two latter component.. It i evid nt that the .tre.-s at 
any point in th e cylindrical wall is balan eel partl)' b~r the 
r si. tance to stre.-s of the material at that point and partly 
hy th e . uppol't r eceived from th e material to the outsi<le of it. 
'l'he tre.-. e.-, therefore, are oTeatest at the i1mer andl P.a.t at th e 
oute1· . m·fa r. · 
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F-ig. 1 :hows the compon nt radial ( R o) and tangential 
( 1'0 ) :tl·csse: in a gun tube, one calibre thick in its wall s, '""'h n 
a ga pressure of 16 tons per square inch i developed inside. 

FlG 1 

FIC. _ 2 

4 
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'l'he magnitude of th e stress at various points in the thick wall 
is indicated by the distance of th e graph from the horizontal 
radial line, 00. For exten ive . tress th e graph is above the 
zero line and for compres. ive stress below. 'l'he scale of .-tr e .. 
in tons per quare inch i. given on the central vertical liut> 
of the diagram, and i the same for th e radial stresse. sho"l\n 
on the left-hand side of the diagram and for the tangential or 
hoop . -tre. ses shown on th e right-hand side. (I ote that t he 
intensity and distribution of the stresse at points in th e wall s 
of su h a gun tube depends only upon th pressure applied and 
th e thiclmes. of the ·wall measured in calibre , and doe. not depend 
upon the absolute calibre. 'l'hu. · th e stress in t en . it.v and dis­
tribution would be th e same for th e same in ternal pressure in 
an 8- an cl a. 12-inch gun tu he if the thickn esse. of the wa Us 
were 2 inche. and 3 inche. r espectively .) The curvt> R o shows 
that the radial compre.·sional stress varies from 23 tons at th e 
inner surfac to 1"} tons at th e outer , while the ClHVP 1' 0 • how 
that th e hoop extensional . tress varie. from over 25 tons to 
4 tons. Curves R, and 1', .·how the values of the same com­
ponent . tre ses wh en the tube is subject ed to zero int E'r na 1 
pressure and a 16-ton external pressure. Rr varies from an 
extensionaJ stre. : of J 2 tons at th e inner surface to a com­
pre:sional stre. s of 9} ton: at th e outer :urface, whil e 1\ is a 
comp1·e ·sional stress varying from 36 to 15 ton. . If th e tnlw 
wer e . nbjectecl simultaneou:ly to the int rnal and exter m1 l 
pressure., the two compOJlent stres. es would each be an 11-ton 
com1 ressional . tress at all points in th e wall , as shown by tlw 
straight line g1aph . R and 1'. 

F'ig. 2 shows in similar manner the individual r esulta11 t 
component stresses wh en the internal pres ure i. 16 t ons and 
the externa l pressure 10 to11: . 

P1·om th e figures it i. evid ent that th . appli cation of 
external pressure oTeatly hmi11i. hcs th e stre. s proc'!nced b'' 
internal p1·es:ure. 'J'hu . if the mater ial had elastic limit: 2.3 
and 36 tons for t ensil e and con1pressive stress, it would be 
. trained to th e utmost limit by an internal pressnre of 16 tons 
a ·ting alone. Bnt it would never be stre::ed b yoncl abou t 60 
per cent. of th e limiting stress if subjected to a con. tant 10-ton 
external pre sure and an intermittent 16-ton i11ternal pressure. 
'l'he curve. also show by t heir form that no consicler ahl e gain 
wonld be achieved by increasing the wall thickness beyond one 
calibre. Tnd eecl, ::t tube one calibre th ick has about 5 per cent. 
of th e strength of a tube of infinite thickness. 

Tn th e man ufacture of guns the external pressure on the 
innermo. -t ('' A '' inner ) tube is obtained by . hri11 king on 
anoth er (" A '') tube. In cl e igning th e gun , car mu.-t be 
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taken that no part i · strained heyond it. ela . t ic limit wh n 
the gun is eith er at r e. t o1· in action. The greatest advantage 
will be obtained from a com1 ound system of shrunk on tub s 
when each t u be is brought . -imu ltaneously to the elastic limit 
by the same internal pressure in th e innermost tube. If the 
outer tube were strain d to t he elastic limit b fore th e inner 
tube, we could not take advantage of the full stren gth of the 
inner tub , w hile if the inn l' tube wer e strained to the elastic 
limit before th e outer tube we co11ld not take full advantage 
of t he strength of t he outer t ub . Jt can be . hown that, in a 
compound gun whose tubes are of similar elastic propertie . 
it is i mpo ·. ·i b 1 e to arrange for t he innermost tn be to be com­
pressed to the elastic limit at r . t an ] each tu be trained to 
the elastic limit in action unles. at l ast four t ubes arc employ d . 
In practice large guns built wholly of . teel forgin g are made 
of thre or four tube , accord ino· to th eir size and power . 

:B"igs. 1 and 2 show t hat gun tubes always experience the 
maximum stress at the inn r .- nrfacc, and hence full advantage 
i · not tak n of the strength of t he out er parts of the tube . 
\Ve an th er fore increase t h r e. ultant strength for the same 
weight of metal by u. ing mor and thinn r wall ed tubes, or 
we can obtain the same r csnl ta ut . trcngth with more tubes and 
l s · wei o·ht of· material. Thi s is partly th e rea. on w hy the 
British Gov rmnen t in 1 90 adopted the y. tem of wir _,Y01.mcl 
gun ·. A wire-wonnd gun is- roug hly speaking- a gun bnilt 
np of a larg numb r of concen tric tnbe. . But ribbon steel 
ha. , in addition, fully dou ble t he . trength of steel forging., the 
material is le. ·s li ab Le to ftaws, it p ermit. of fine ad ju -tmen t of 
t he r eiufor ·em n t , and r nr tu res al'e g n rally confine l to one 
of the man y coil s employed. ViTire-wouncl guns have na tn rall~r 
less longitudinal . trength , but a· alr eady pointed ont, th is 
is not . o imp01 tant. The Brit ish naval gun con. i. ts of an ''A '' 
inner rift d tn be with an ''A ' ' t11be shrunk on ; wire ribbon 
is -.;vouDcl on t hi tnbe and i. nclosecl in a " B" tuhe, wh i h 
in turn is nclo. eel in the jacket tub . For a 12-inch g nn , the 
"A" inn er tub has v.rall s over 2} inches thick; th e " A " 
tu be is 3 in he.· th ick ; om 100 mifc. of steel ribbon t X 1-16 
inch ar wonn l on at a ten ion ran o·ing up to nearly 50 tons 
per square inch , the number of la:,·ers varying from abo·ut 
12 at the muzzle nd to 70 or 0 at th e breech end of t·he 
windin g. 1'h e outer tnbe has walls abou t 2 1-3 inches thick. 

Pressu re. np to 20 tons 1 er . qnare inch are being employed 
in th firin o· of naval gun., and it eem.· unlikely that that will 
be xceeded unl e s som altogeth el' new material for gun con­
struction i · dcvi. ed in the future. How t hen have the German. 
been able to shell Paris from a di.tance of over 70 mil ? 
1\Iethods which might uggest t hemselves would be : (i ) a mor e 
constan t pressnr durin g th e passa.o·e of th e . hell clown the 
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g un, (ii ) a ompo11nl . hell , (iii ) a sub-calibre . hell, (iv ) a 
very long gun. l.1et u . con. ider the. e briefly . 

1. Tt i.· very unlikely that a powder can be de.·igned which 
will bnrn at sn h an increa. ing rate as vvill well maintain the 
maximum all owabl e pre. su re during the whole prvcess of dis­
charge of th shell. 'l'he successive ignition of a . eries of 
charges ha. proved unvvorkable::·:· 

2. A shell which will di Tupt in its pa:. age through the 
air o as to end on one portion with gr at r sp eel could not 
"'ive th e r equi ite gyro. tatic stability nor the r equired accuracy 
of dire t ion to the quickly movi1w part. 

3. A sub-calibr sheJ·J offer . similar cliffi ttlti s. I t. base 
must fit t he gun tube to obtain the full d1·iving thr u t, but 
owing to th e sma ll ma .. and :mall racliu of t he r emainder a 
very high rotatio nal spec l wonlcl be r equired to provide sufficient 
gyrostati stability . 

4. A very long gun appear: the simplest solution, pro­
vid d a powder burning at th e necessary rate can be obtained. 
By a v ry long gun one mea ns a gun exceeding 50 calibr s: 
it might b , eith er of small diameter and of l ngth equal to 
our lmtgest gun , or of large diam eter and exceptional length.! 
lf t lw shell is abon t 9 inche: diameter th gun would 1 robably 
be about lOO calibre, o·ivino· to a shell weighing 300 lbs. an 
initial sp ed of 5,000 feet per second, which woull . uffic for 
the 1·ange, e ·p e iall.v a. t he tra je tory would rise to a height of 
over 20 mile:, wh er e th e a.tmo. pheric density and consequent 
resi. tance would be very . mall. 

It is interesting to note the enormous difficult:'-' of using 
a.rtill ·ry at :n ·h a long t·ange. Apart from the usual all owances 
in laying t lw gun for air t emperature and density, wi11d, jump, 
a ncl drift , on wou ltl r eqni re to make con. iderabl e all owance 
for th e cun·atm·e of t he earth and for the earth ' rotation. 
Drift, a. explained in a prcviou. paper,:j: i a somewhat un­
certain qu antity, a nd th is is especially true with long r ange, 
high v lo ·ities, aml p1·oj ectil : of comparative mall mas: and 
ra ·liu. . Tn th e case of firino· on Paris, it would prol ably run 
in to miles. while the ear th ': l'otation during the 2 2 minntf's 
flight o.f the shell would eau. e a fnrther drift of more t han 
ha lf a mile. 

* Tr ied in the Lyman Ha s kell g un of 1881. 
t )\ote add ed January, 1919. Th e latest report s in d icate th at t he 

fi r s t of th ese a lte rn at i1·e i th e more probab le. The gun i 
ve ry pos ibly a 15- inch 50 o r 60 cal ib r e g un , whic h h as been 
lined with a 9- in c h t ub e, making the g un a lOO-ca li b r e type. 

:j: Proc. W.A. In st. Eng., vo l. VII, p. 18, 1917. 
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THE EVOLU'l'ION Ol"i' 0[ TJNG l\IIACI-II TERY. 
BY A. VEN1'1U . 

Th e use of coin can be traced back to the 8th Century B. C.· 
. pherical blanks were cast and marked with a die, whi.ch wa~ 
struck by a hammer on a small anvil. The anvil was, at a 
later period, ma1·ked wit h var ious design , an l thn . brcame a 
r evcr.'e di e. 'l'h e casting of the blanks into lenhculi'l r . hapes 
\ras a sub. equ c11t improvement. 

In tb Middl e Age.· p late .. of metal wer e cast, hamm er d 
out upon an anvil, and cut in to pieces by shea rs; th . e piece. 
wer e ann ealed , hammered i'lncl cl ipped, and by furth er annealing. 
flattening, clipping and gradu al round in g, blanks of t he desi1· d 
. ize and weight w r e obtained. 'J'h c edges of the blanks were 
finished by being tapped with a light hammer. The di. cs were 
then ann a led , pickled and cl l'iecl , preparatory to coining, for 
which operation two en graved puncheons or matrice. wer e nsed, 
one call ed the "pile," th other th " truss." Th e pile bore 
the coat-of-arms or r evers , th e truss th e effigy. Th e pi.l '"a 
about eight inche in length ancl had a kind of collar for g cl 
on it beneath the engraved portion, from which point it wa. 
rapidly taper ed, o that it could be driven into a block of wood, 
the ollar taking a bearino· upon th e surface of the block. The 
coiner 1 laced th e blank 011 the pil e an 1 sn1 erimposed th e t ru . . 
which h held steadil~r in his left hand; he then gi'lve severa l 
smart blows on the truss with a hammer held in hi. righ t hand. 
If, after examination , the 1 iece was found to be imperfectly 
. tamped, it was replaced between t he dies in exactly it. previou. 
position an l the blows were r epeated nntil the piece was properl~­
coined. Tn ord er to minimi.'c th e con u.-. ion it was cn.toman· 
to wind a . tri1 of .-h eet lead i'l r onnd the trus ·, and in later tim .', 
wh en larg coins wer e made and heavier blow.- became n eccs.-ary, 
th truss was held by a twisted hazel stick in the hand · of a 

con l man. (See Fig. 1. ) 
About the year 1553 coinage hy the '' mill '' was intro­

duced into th Paris mint. Simil ar machin er y was first u. ed 
in Eno·Jand in 1561, but it cl id not £ua.lly cli place coini'lge b~· 
the hammer until th e y ar 1662, and from that elate until 1 16 
f ew improvements wer e effrcted. ]'or coinage by the " mill " 
th e cast plates or bars were scrap cl and cleaned, and then 
passed through a rolling mill , work cl ith r by manual or 
hor e-power , in ord er to bring th e r e ulting . trips to th e exact 
thickne.. of the blanks r equired- ann ealing wh en the metal 
showed indications of l1aTdn ess. Blanks 'ver e then cn t out b:v 
mean.- of a machine whose working parts con i. ted of a punch 
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attached to an arbor, th e upper portion o£ which was formed 
into a .·crew, which, when turned a portion o£ a revolution by 
an iron lever, gave the requisite power when the cutter was 
brought down upon the , trip of metal. The discs were then 
weighed upon a fine balance, the light pieces were re-melted, 
and the heavy ones filed to the correct weight. They were then 
blanched or pickled. 

Fig. r. 

TJ1e next process was the graining of the edge of the blanks. 
'l'he machine used for this purpose consisted of tl-vo plates of 
steel J. j l2th of an inch in thickness, on which the legend or 
gr aining was engraved, half on each strip. One of these plates 
was screwed to a copper plate and that in it. turn was screwed 
to a table; the other strip was movable on the copper plate 
ancl had a rack attachment which engaged in a pinion fitted 
on a spindle carried in a bearing. A handle wa. fixed on the 
spindle, and wh en the sliding plate \Va. adjusted parall el to 
the fixed plate and a blank placed between the two, a hal£ turn 
given to the handle would transfer the in. cription to the blank. 
The pieces were then annealed, preparatory to coining. The 
coining press was the forerunner of the well-known fly-press. 
'l'he bea.m was a long iron bar with a heavy ball of lead at each 
end, and had rings to · wh ich cords or , trap. were fastened. 
'rbe screw, fitted centrally in the beam, passed through a nut 
in the framing, and its lower end was cupped into a guided 
arbor in which the reverse die wa. fixed. 'rhe obver. e or head 
die was placed immediately beneath in a small case fixed to 
the foundation o£ the press. .The blank was placed on the lower 
die, then hvo men hauled on the co1;ds, revolving the screw 
rapidly downwards and eau. ing the upper die to meet the blank 
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and convert it into a coin. Th e force of the blow would be 
r egulated by th e number of turns given to the screw. In an 
old engraving (see Fig. 2 ) of the mint in th e Tower of London 
the coining presses ar e seen ·worked by lever s instead of cords, 
and it can be assumed that that method was the latest improve­
ment prior to the employment of steam-power in th e n ew London 
J\i(int, the er ection of which was commenced in 1810. 

F i g. 2 . 

'l'he £rm of Boulton and \Vatt, Birmingham, is credited 
with the invention of coining machinery actuated by steam 
power in 1788, and machinery for t he new mint was supplied 
by that £rm and brought into use in 1816. 1'he plant consist.0d 
of six set. of rolling mills, four of which had their bottom rolls 
revolving in £.'\:eel bearin gs, th e upper rolls being in guided 
bearin g. , beneath which ,-,,ere supporting rods continued beneath 
t he floor to th e short ends of pivotted levers, which wer e suffi­
ciently weighted at the long ends to keep the upper side of 
the bearings pressed against the ends of powerful screws in 
the framings . 1'hese screws wer e bridged across at their upper 
ends and a rack and p inion arrangement enabl ed the rolls to 
be raised or lowered. A po·werful pair of shears was also pro­
vided. 'l'he remainin g mills had £xec1 bearings for the upper 
rolls and movabl e bearings for the lower rol ls, a pair of wedges 
provided with screws and mitre-wheel gearing en abling adjust­
ments to be made in tb e thickness of the £]J ets within 1/ 1000th 
of an inch. A punch for cutting out trial blanks and a balance 
for weighing them complet ed th e rolling equipment. 

In 1816 a machine was introduced into the London Mint 
by Sir John Barton for equalizing the thickness of £ll ets after 
r olling. A bar of metal during the operation of rolling is 
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extend ed materially in lenoth a11d hut .-lightly in width , but 
the centre offering greater r e:i. tanc to lamination than th e 
edges, i. alway. the thicker. 'l'hi . appliance is constructed 
after the line.- of a pipe-drawing machine, but in tead of having 
hollow dies in the head, it ha.- two very accurately hardened 
an 1 ground :fixed steel cylinders, between which the :fillet is 
drawn, sufficient pre. sure being maintained upon the npper 
cylinder to tran:fer the exces: metal from the centre of the :fill et 
to\\'ard. th e edges. 

In order to introdu e th end of th e fill et between th e 
cyli1H.lcr.- a flatting mill i.· m.ad u: of. This consists of a pair 
of :m a 11 roll ers adj nsted to give the 3esired thickness, driven 
in oppositt> direction. by geared wh el:. rrhe upper roll er ha 
t lwce fl at surfac s, . o that when the end of th e fi ll et i placed 
upon th e lower ro ller between a fl at th e contin11 ecl r volution 
will compress a nd eject th e two inches or so of: the fill et pre-
entecl to it, enabling it to be pas:ed b tween th e cylin ler . of 

t he r'lrag-bench and projecting beyond them far enough for the 
ja\1'.' of th " dog " to grip it. rrb e " clog," mounted on four 
wheeL, runs the length of the bench and ha. claws which conne t 
" ·ith on or other of the link on an encll . : chain, and become 
di:conn •ctecl when th e fillet has b en pulled through. 

rrhe cutting out ma chinery (see Fig. 3) . uppliecl by Boulton 
and v\Tatt wa: VCl'Y ingenious. Cii'CUlar in form, it was pla eel 
in a circul ar room 30 ft. in diarneter. Twelve cutting pre.- cs 
wer e spa ced 3 ft. 6 in. apart around th onter circumf:eren e 

Fig. 3· Fig. 4· 
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of a I latform rai. eel 16 in. from th e ground and 21 in. wide. 
Twelve cast-iron columns 3 ft. 6 in. high, spaced 3 ft. 6 in. apart , 
supported a circular iron cornice 5 in. d eep. Jn the centre of 
this enclosure r evolved an 8 in . verticJ).l shaft carrying a cam­
wheel 9 ft. 6 in. in diameter and 10 in. deep, with 12 cams, each 
projecting 14 in. and being 28 in. in length. Immediately above 
it was a flywheel 18 ft. in diameter , with a rim 14 in. wide by 
3 in. deep. I may p erhaps be pardoned for entering into so 
much detail , b cause this r emarkable mechanical invention wa. 
destroyed in 18 3, when a new type of machine was introduced 
into the London Mint . 'l'he press scr ew of each machine: ·was 
fitted into a hollow . haft with o·ea.ring for connecting it with 
a continuation shaft taken through a bearing attached t o the 
inside of th e cornice, and carried a.t its upper end a ]ever with 
a friction -roll er. The cam-wh eel in its r evolution struck th e 
friction-roll er and threw it outwards, communicating a.n upward 
motion to th e screw of th e cutting press and raising th e cutter 
r eady for use. As th e weight of th e descending scr ew woul d 
be insufficient in itself to cut out a blank, when the cam, after 
its passage over th e roHer , had p ermitted it to fall , atmospheric 
p r essure wa s utilized. 'l'h e roller-l ever \·vas provided ·with an 
iron loop , and by a series of rods and levers was connect ed with 
a well -fitting piston working in a.n open t op cylinler affixed 
t o a stone slab outside th e wall of th e cutting-room. As a 
saf eguard against air leakage, th e surface of t he piston wa_. 
cover ed with an inch or two of oil. 'l'he raisino· of th e pist on. 
ther efore, produced a vacnum in th e cylinder a.Dd after t he 
cam had passed its friction -roll er th e pressure of th e air UJ OlJ 
the surface of th e oil above th e piston viol ently pull ed back 
t he roll er-lever by mean · of its connecting rod. and bronght 
th e cutter clown upon th e strip of metal being operated upon. 
r emoving a. clis , which f ell throno·h a bolstel' into a box benea th. 
On th e haft under th cornice a lever fitted \vith an adju . tabl e 
arm carrying a wooden wedge struck a veritcal pring-piece. 
after cutting a blank, throwing back the press scr ew into it. 
startin g position. A pedal attached to a cord connected \vith a 
spring n ear the UI per lever had to be depressed to keep th e 
machine acting ; wh en the p edal was raised th e spring previ:mtecl 
the friction roller from coming into contact with the r evolvin g 
cams. 

'l'h e machinery supplied for coining (see Fig. 4 ) was 
somewhat sinJ.ilar to that of th e cutting presses, but as the 
pressure r equired for this purpose is vastly greater than th at 
n eeded for cutting, a. chamber or pipe kept in a constant . tate 
of partial exhaustion by means of an air pump '~' as used instead 
of vacuum ylinders . 

Th e ight 1 r esses we1·e mounted on a platform 2 ft. 6 in. 
from th e groun 1, wer e of th e scr ew type, and automatic. The 
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fly- haft was 6 ft. in lenoth and had hea vy cast iron weight 
at the en L A t rumpet shap cl hollow haft attached to the 
top of the fly- haft and r evolvi11g with it was t ravel'. eel by a 
ro l pa ·si11g into a 1·oom overhea d. 'f his rod was fixed at it 
lower end to the top of the press scr w and at the other en d 
to a swivel, thence by an other r od to the end of a balanced 
beam, the opposite end of th e beam being connected with a 
pi ton working· in a small op n-top cylinder having a pipe 
conn ction with the vacuum chamber. 'l'hi. arrangement per­
mitted t he J'egul ation of t he power of the blow by mean.· of a 
cock on th conn ecting pipe. A lever wa: fi xed on th top 
of tile tnunpct shaft and \vas conn ected hy rods to a ro king 
fram fixed on the ont:icl c of i' lw wall 1 ehincl the pre ·:e . 
Conn ecting rod: f rom the l'ockin g-frame link d up a piston 
workiu g in an open-top ~,lincler with a pipe co nn ection to the 
vacuum ·hamber b neath it . 'l'h e pres. was started by the 
coi ner pull ing a cord in th box wh ere he sat ; this action 
relea ·e(l a lever 01 erating a valve in the bottom of the cyl inder 
and allowed it to act wh en call ed upon. A . econcl cord was 
then pulled, \\·hich by mean: of its lever ope ned another valve 
and p e1·mitted the atmosph e1·e to rush in from the bottom of 
the ~·linder piston and through the connecting pipe into the main 
vacnnm chamb r. '!'his r edu ced th e pres:ure upon the lower 
·icle of th e piston , and t il e nor ma l a.tmosp heric pre.-sure upon 
it: upper fa e compell ed its descent. A wooden rod with tappets 
aJTaJJO' l so a. to strike t he 1 ver . of t h t wo valves at the 
right t im e. '"a suspend ed from t h rocking-frame, and o 
gave continuous motion to th e pr . s. 

'l'h method of supplyino· b lanks to the press was as fol­
lows :-A tube kept fi ll ed by t il e coiu m· was situated over a 
slide, worked backwal'(ls an d forward.- by a J)ivotted lever, the 
upper end of which obtain ed motio11 from a link attach cl to 
the s ·r 'w-sha ft . 1' h low .t p iece in the tubE' wa. :eized b tween 
t wo fi.uo· ' l'S, one of whi ·h wa s fixed, th e other pivotted. As­
sn mi11g the upper cl ie to be at it.- highes1· po.-ition, the piece 
\ronlcl be carried forward and held immedia tely over the lower 
d ie. · 'l'he moveme11 t of t he scr w clowmvarcls eau . eel the blank 
to drop upon t he lower die, th collar (mill ed, pl ain or letter ed) 
ri ing at t he ·ame in:tant to r eceive it . Th e co ll ar on the neck 
of the lower die had a spring underneath , whil e above it a 
frame \vith lugs right <md left r e l' ivecl th e en ls of two rods 
passirw through th e should ers of t he pre.-s ; . o that when the 
lugs \\·er e depre:sed by th e movenwut of the screw downward., 
the . pring ensm·ed t he rapid rise of the collar. 'l'he continued 
movement brong·ht th e upper die down upon t he blank, after 
wh ich the coll ar would fall a nd th coined piece would be 
pu:hed off t he die by t he fi xed end of t he slid e, which wa · at 
t he sanw t im e convP~'ing betwl'('ll its finger s anoth r blank to 
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be .tnH~k. Th e two above-mention ed rod. al. o prevented any 
twisting mot ion being cmweye 1 from the screw, which wa. 
cupped into the block ca rryin g the UJ per die. 

'l'he London Mint dis ard d these compar ative].'' . low­
working pre:ses in 1882, but identical machinery is still working 
in alcutta and Bombay. 

:B rom arli e: t t imes until t he year 1843 coins or bl anks 
we1·e individually weighed by small hand balance. . Tn that 
year \"\ illiam Cotton, the Deputy-Governor of the Bank of 
Englanl , introduced a machin for automatically 'Neigh ing gold 
coins and parating the light from th e good. A function of 
the Bank of England is th weighing of all British gol ] coi11. 
received b.v it, and no coin i · r e-i. sued unl s. it is of current 
weight. Gold and silver coin: have not only a definit e weight 
fixed by th e laws of the countries i::uing them, but th ey al:o 
have what is known as a r emedy allowance or toler ance above 
antl below that weight. 'l'hus, the :over eio·n ·wh en issued . hould 
weigh 123.27 -J. grains, with a tolerance of .2 of a grain. Tt is 
not alloll'able to take adva11tage of t he tolerance to the detriment 
of the coi11agto, th er efore each hag of 1,000 sover eigns is o·enerally 
made u 1 of heavy and light pieces within th e r emed.'', in order 
to brin o· it to th e exact leo·al weight, viz., 256. 2 oz. troy. 

In 1851 this ma ·hine, mod ifi ed by Richard Pilcher, . o that 
h av.1· as well as light 1 iec . within the r emedy conld be 
. e1 arated from tho. e lmfit for i. su r, was introduced into th e 
London ::\Jint, and mo li:fications of it arc u. eel in nearly all 
millts. 

'l'h balance is contained in a . keleton frame of brass 
with gla. ·: sides. It is about 20 in che. long by 8 inche: wi de 
an] 10 incl1 e: high. The beam is of p e uliar . hape, having 
it: ce nt1 ·cs of gr avity and action in one line. 'l'h e pan for 
l't'cei ving th e oin or bl ank i: uspend ecl on th e knife edges at 
one end of th e beam. and it ha: a p endan t rod wit h a loop 
at it. low ,,. >nd: a . econd pend ant, al ·o having a loop at it 
lower end, is poised upon th e oth er knives carrying th e minimum 
weigh t of t he coin, and, in a cage, th e doubl e remed.v weig ht, 
wh ich. un le:s raised by the weight of a too heav.v coin 0 11 the 
01 posite ncl of th e bea m, lies in V 's formed on a little ad justable 
platfol'ln at ta hed to th e floor of th e machin e. Th e pi ces to 
he weig hed arc J la.cecl in a hopper on the top of th e ma chin , 
anl th e lowt'.'t one is 1 u. hed on the p an by a : li.le workin g· 
undern eath. A cent rall y pivoted l vel ling bar pas. es through 
thr loop of the two pen lants to !ring th e beam to a horizontal 
position before and after each weio·hi.ng. . A pair of forcep s 
hold · th pendant und er th e pan and t hus keep. th e beam 
r igid " ·hil e a pi ece is pl ac cl on th e pan or 1 nsh ecl off it. Tf 
the pir e is too heav.1· it will lift bot h the minimum weight 
ancl tlw clonble r ellH'<i.": if too lig ht it will not move th e 
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nummum weight; if correct, the beam has a well defin d 
rallge of action bet ween th e two extrem s. A .. umi.ng the 
machine to be in motion , th e forceps ao·ain grip the I endant, 
and a weighted and nearly coun terbalanced vertical rod is 
re lea. e ] ; this rod is pinned to a pivotted lever , the oppo. ite end 
of which passe through the upper part of the loop in the front 
pendm1t and p1·ojects beyond it. The delivery end of the shoot 
is meanwhile moving above three openings lead ing to hox s into 
which t he heavy, good and light pie ·es fall . Th e end of th 
pivottt'd lever who. e downward motion i.- arresteJ by a lmif -
edge across th loop , th n touche. the should r of a second 
le ve1· benea th it, which is pivotted on the sa me pin a i t.·elf. 
1'his lever has a weio·hted <·xt<'n sion inwards, <11ld wh en it is 
de p1· ' sed by the touch of the :fir. t lever it ·ome: in line with 
one o1· t h other of thre inverted steps f01·mecl on a fitting 
attached to t he. hoot , and, entering, it places th e shoot in po. ition 
to lelive1· the piece in to the p1·oper bo.· . 'I' he beam is then 
releasNl and brought to a horizontal position , the force ps hold 
the p nclant, and the weighed piece is pushed off by another 
coin. Al l t hese movements are carried out by cams on the three 
:hafts of t he machine, motion being conveyed from the driving 
: haft by ac nrately ut gears. 

The drive is by power whi h i. ccrtai11 to be uni form, snch 
a. an air- ngine or . mall wat<'J ·-tn r bin , an<l t he cmm cchon with 
each ma chine i made hy fri ctional conta t between the bo . of 
the driving wheel and a mill ed disc, :o that if any xce:siw 

· pressur ' shou ld occnr, :uch as t he lockiug tog t ll er of two wire­
edged pi eces, the lll<l hine woul d . top. Th e balan ce. are con­
.trncted to weigh eighteen pi ece. per minnte, correct within 
0.01 g rain. 

Dm·i ng th e past forty yea rs the machine ha: been mneh 
·implificcl in t he workshops of t he Royal Mint, London, and 
t h ' latest· tn c:, whil e r et.aini 11 g t he e:. e11tials of the balauce. 
dcsc t·ihcd a bow', have but one . haft, npon whi il all the cam 
are mo1mted . 

Up to the pn'st'nt t ime no important improvements iu roll­
ing macllin er~ · have been effect d, beyond th e adoption of tile 
ele tri.c drive. The invention of carbornnclum wheels ha:, ho\\·­
ev r , pl 'OYi d d a mecms of dressing roll er s with the greatest 
accurac,v. 

Tlw mod em cntting pre:: is self-contained and n: uall.r 
belt driv n. Th frame cani t>: H crank-. ha ft with fl 1' -wll ecl 
aml pul leys, and on the crank-pin a sho1't and h eav~r con.necting 
r9d is :fitted . Th e rod actnate: a massive slide moving in vertical 
gnicl e. . Tn som ' machines this connecting rod i. omitted , and 
an over ln mg crank pin i. fitted in to a, bras: in a steel sli. JiJJg­
blo k workin g in a s·lottcd ope1ti11 g fann ed in the . li do. 'J'he 
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unde1·-side of th e slide is machined with a dove-tail ed joint, 
. ·o that the punch bed, slotte l to fit the joint and with i ts t wo 
or more punche. · inser ted can be . lipped on and fixed by a plate 
and bolt. A pair of gear ed rollers r eceives the en l of the 
fi ll et and pa ·.·e.· it under t he pu nches, aft r which a secon d 
pair t akes the skeleton of the fillet and guides it away. 'l'hese 
roller obtain their motion from cu t wheels on two spindle 
gear l wit h a dri ving shaft, on the out. icle end of which a 
ratch t wheel is fi tted. A slotted disc r evolves on the f r ee end 
of the crank-shaft ancl one end of a connecting-rod is bolted 
in the s lot in st~ ch a position that it opposite end, which 
carrie. · a spr i1 1g pa wl on a short lever , can advance the r atchet 
wh el by a definite number of teeth corre ponding to the space 
required betweeu b lanks of an~' denominat ion. 'l'he bolster s 
are fLxed on th , b d of t he machine immediately ben eath the 
punches, <1 ncl ha ve a teel p lat e above, perforated so that t he 
p uuches can easily pas: t hrough ; this arrangem nt ensure. 
t he r elease of t l1 c punch s on their travel upwards. 

A machin e is u . ·eel iu many mints for compressing or 
" markino· " th e edges of blank in order that the " beading " 
around t he cir cumference of th coins may be well impressed 
without imposing unnece sar y strain upon the dies. 

'l'he es: en tia ls of : n h a machine ar e a di ·c mounted on 
a d riving shaft , t he disc bein g p rovided with a r ing of hardeued 
·tc'l having a gToov, J·ecc:: ccl in i t, a block of hardened steel 
with a groove <.;oncen tric wit h the di. c, a stepped wheel f or 
. pac iug the bl a11k . and a feeding tube. 

ln actiou, the revoln t ion of the ·tep-wheel remove the 
blanks oue by one fr om t he feed tub an l pas. es t hem clown 
au in cline leading to t he grooves in t he r volviug disc and the 
fLxed :egment, in whi ·h th ey are revolved t \"170 or three times 
before being ejected . A slio·ht de>peni11g of th e groove in t he 
·egmen t ena bl es each blank t o en ter fa r c11ough for th e impetu · 
of t he revolving disc t o grip it and ca n y it t lwough the r ace. 
This nu1c liine caH be n:ed for all ordinary sizes of blanks, 
atl ju.tment of t il e : egment b ing all t hat is necessary. 

A nothel' t .vpe of ma hin c has a horizontal dis with the 
groove in i ts r im ; in this case a hor izonta l \V heel with leave 
of the sa m thickness as the bl anks an l sp acing iden t ical wit h 
th ir diameter, r evolves under the feed-tube aud th rows blank 
after bl aJJk in t o t h r a e. 'l'wo f eed-tubes arc fit ted t o this 
machin and an ou tput of 1,200 pieces per minute can be 
mnintainecl. 

Th er e are t wo type.· of coining pre. s in u:e to-day, the 
li'rench and th , German, or Unlhorn. 

'l'he F rench pres. i housed in a single massive casting, the 
front taking the pre. ure of coining, the back carrying a 
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crank-shaft, with a heavy fly-wheel and pul leys. A short 
vertical steel casting connects the crank shaft with a strong 
eat steel rocking-lever, th e front and larger end of which i. 
machined and Sll.'peuded by a link 011 each side to two rectangular 
rods pa si11g through the upper part of the press, wher e th ey 
are turned, threaded and fitted with nu t.· bearing upon the top. 
A r ectangular opening Jotted through th e lever has a toggle 
driven through and . emw ecl . 'l'h e upper and holl owed end of 
the toggle receive and sum orts the projc'cting end of a knu ckle 
placed in a slot machined in the casti11 g imme h atel:v above it. 
A wedge over the km1 ckle operated by a screw and h ~m cl wheel 
enable. · it to be raised or lowered in conjunction with similar 
movements of the :n. pension 1·ocls of the rocking lewr, thus 
affor<ling t he means of increasing or r ccl 11 ·ing pressure hetween 
the di es. Th e lower ancl ronndecl en<l of the rocki11g lever 
toggle fit. into a hollm·l joint in a rocking-colunm, which has 
its lower knn kle fitting into a joint in a block guided in pro­
jection. formed at th e side: of th e front opening of the press. 
'rhis block i: l11111g upon links mm ecting it wi th the rocking 
lever. 'l' he nncl er-side of the block is recessecl ont to r eceive the 
upper die-bl ock held in posit ion b.v set-screws. At t he free end 
of the c1·ank-s haft a disc i: :5tte<l on which an a<ljusb:1bl e rod 
is pinned eccen tJ·icall y; ove1· tlw disc a wooden brake-bl ock is 
hou:ed. 'r he eccentJ·i ro l is comwcted with . an oscill ating 
crank whose rod i. carried in lwa.1·ings across the prc:. · all cl 
has midway an m·m and links co1m ecte!l with two squared 
parall el r ods rnovino· to and fro in gnid es. 'l'h e. e rods are 
connected by a. brido·e-piece in front of t l1 e ll'E'.'S. 

rrhe bed plate i: constructed in two pieces and is :fixed 0\·er 
the . liding frame and ecured by bolts anl nut: to sills pro­
jecting on each ide of the opening, dovetail ed slots heing 
formed in order to rec,ive the head. · of th e boHs. rrhi. pl ate 
re eive: th e coll ar, an l each portion of it ha a seml.-circular 
opening with a r ces. turn ed in it, so that the coll ar with its 
proj cting ri)1o· fits into th e bed-plate ftnsh with its upper face . 
The bed-plate has th feed-tub mounted upon it an<l bYo 
l.J-. haped grippers for placing b lank on the low r die and 
r emoving th e coin:. 'rlw encl. of the shor t arm· of the 
grippers are pivottecl on pin. i.n bo:se: formt>cl on th right 
and left hand of t l1e b1·icl g·e connecting the two sliding r ocl , 
tl1 e front of the bed-plate being ut away so that t he bo.-se: 
lo not come in conta. t with it. The opening and closing of 
the gripper.- is r egnl at cl. by a. . lider moving in a gnicl e formrd 
by cutting a longitudinal slot through th e front portion of 
the bed. Two lugs on thE' . lider engage in r ecesses in the 
adjacent .-licl e: of the lon g arms of th e grippt>rs, and on thr 
under side of th e :licler a ci1·cnl ar brassec1 recess takes an oYal 
pin in a boss p1·oj ectino· from t he centn' of the brido·c-piece. 
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'Ihe amount of free movement pm·mi tted to the slider by the 
oval pin i: : ufficient to enable t he gripper. to open and close 
wh en the slidill g- frame r eaches t he end of its travel baclnYard. 
and fo n ranls. 

At the lowe t part of th e fron t of the pre.·. an adjustabl e 
wedge is fitted and upon thi: a. mas ·ive equilateral T-shaped 
block is pl aced. Its upper part is recessed to take the lower 
die , whi h r ests upon a second small er aclju.tabl e wedge ; the 
nncl er sid e of thi s portion of the block carri es two harcl ene<'l 
steel proj octing · gm nts. Th e cli e block is accnrat I~ · :quared, 
its top fitting in to a recess form cl over th e liding frame, which 
i here provi<l ecl with two hardened steel strips rivetted to the 
two sqnared rods. 'l'h ese . trips an' hnmpecl so tha t the clie­
h lock .i. lifted at the right mom ent f rom it · po:ition on the 
large wedge in orller to bring the lowe1· <lie flush with the 
collar wh en a coin h as to be pushed off. Th e lo\ver part of 
t he die-bl oc]· a lso fi t s into a mach iu ecl opening, t hr f1·ont of 
which i. clo. ed by bolting on a guide p late. 'l'l1 e clie-hl o k is 
therefore capable of vertical motion only. 

'J'h fly-wh eel and fast pull ey l 'Un fre ' on t he ·ha ft, and 
the raising of a small lev r in f1·ont of the press enga·ge · thrm 
with the shaft hy mean: of <-1 .·l iding pin. Attached to thP 
. tarti ng lever is a valuable clcvi ce by mean of which the pres. 
automaticall y stops . honlcl 1·h r e be 110 blank bet.wec11 the 
grippen ·. A light rod havi11 g a pi11 at on e end li . betwepn 
the grippers and is connected with a f\J) J'ing trigger engaging 
a coll ar on th e v rtical rod attached to the sta l'ting lever. 
Th e closing of th e gripper s witltont a bl ank causes the r ocl to 
t1·ip the trigger a11cl di sconnect t he mechani. m befor e the dies 
can come together and l.Je clamaged. 

Th e U hlh orn pre ~-;s has a heavy f 1·ont ca.ting, with ft'et, 
ancl a framed ba ck canying th e crank-shaft, wit h two ca m · and 
fly- wh eel with pulleys. Back and front are connected h~· a 
C.l. becl abou t 2 ft . 6 in. from the gronncl , and th e necessa ry 
tie od. . Th e crank has a t ur ned rod connecting it \\'ith a 
bell-crank. 'l'he knuckl e in th e top of th e front open i11 g is 
fixecl, and the bell-crank with its t wo lmn ckles is snspC'ndrd 
on the poi nts of set -scr ews pa ing t hrough its sides and termi­
natin g in con ed recesses in th top lm ucklt•. A rocking ·olnm n 
operated by t he projecting t oggle in the bell -crank haf\ a 
knuckle fit ting into a hollow joint beneath it, whi ch is l.Jedcl Nl 
into a strong fl at ha mm r -1 ver pivott d upon a bolt which 
pas e. throng h the cheeks of a b1·acket on th e heel of the 
machine. Jn a l'ccess formed t hrongh th e rocking column im­
m cliately over th e lo\\' el' lmnckl c a nd bearing on it a we ]o·e 
i. p laced, whi ch is movecl by a nut ancl screw, and enab!" . 
the pressure on the dies to he regnlatc•cl . 'l'h lower parts of 
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the back and front of the rocki ng column are capable of up 
and down motion, corre:pondino· with the movement. of the 
wedo·e . 'rh o upper die is attach cl to an ad justable block fixed 
in a ring on th e untlf.'J·-sid c of th e hammer-lever . 

Heavy weights in a cage nncl er the bed of the pre:. are 
balanced on a lever carryino· two ver ti ·al rod: beyon l i t. centre 
·of action. Th ese rod s pass through hol es in t he bed, one on 
each siue of the hamme1'-IC've1·, at th e level of th uncler -. ide 
·of " ·hich they ar e br.iu ged across, f01·ming a snpport for it and 
the t·ocking column and kee1 in g th e toggle. in contact. 
lmmediately und 1· thr hamnwr-lever i: a second flat lever , 
famil iH ly known as the. " banjo,'' from it. :hape. 'l'h far 
en<l of' thi i .. lottecl :o that it " ·i ll :lip on a p in pa. si11 g through 
tht' same bracket as the hamme1·-lever . 'rhe " banjo" has a 
circu lar openino· throu gh it immccli atel~r under the upper die­
the ·ollar is fixed in thi: opening. '!'he bottom die is fixed on 
a blo ·k. the lower part of whi ·h is slightly rounded :o that 
adjustments ·an he mad e by mean . of the fonr . et-. crew .. whi ch 
secnt·e it insicl a h eav~· ring screw cl down to the bottom of 
the front opening. 'l'h neck of the die enters the coll a1·. 

'J'lw enl of the " banjo " projects about a foot beyond the 
ri r cular part and carri es the feeding-tube, an cl, in a gnicl , one 
!'ntl of a layer-on rod, to whi ch th e fitti ngfl a1·e attach cl for 
pla ing a blank on the clic a nd re moving it after coining. Th t' 
oppositl• cn<l of th 1·od is connected wit h a vertical ]ever 
pivottcd to th e inside of th , back :f:t>ame, having a backward 
set at i t. .·hort upper end in order to a.rry a roll er i11 a forked 
holtl <:• r with a harcl e1wcl c' nd pin. Th e p in pre. se. the r oHer 
against a. cam by mea n. of a strong flat spring attached to 
the br1c k of t he fram e, th e ca m 's 1·evolution maintaining a to 
aml fl'o mot ion of tlw layer -on. Th e lever has a pi.vottecl arm 
kept in positio n b~, a coil ecl spring with ratchet and paw.l, giving 
a mea. m·p of el a:tic~ity to it ancl <1t t he sam time exerting a back 
]) J'essur c on th layt' l>-on 1·od. If jambing of th e p iece: . houlcl 
oeem· i11 t he f'<:'ecling-tubc, the' spring-held porti on of th e lever 
woul d he pull ed away and ser ious dama ge to the dies averted. 

One encl of a ver tica l r ocl is atta heel to t he nndee-sicl e of 
the " banjo " in front of th e press and connecte l below with 
an t'ntl of th e hea vy fish-shapPd lever, whi.c!J at its oppo. itt· 
e1Hl is p ivotted to a verti al rod havin g a fo d :ecl n pper end, 
in which the second cam r evolves. Above t ht' am i. a :hort 
1 ver pinned throngh th e to]1 of t h fork at one end and at 
th e other tlll'ough th e end of a curved bracket-rod proje tin g 
f i'Oill thP inside of t hP ha •k frame . 'l' hi lt>wr carries a roll er 
in an ad justable forked holder immed i.atel~r ov 1· it. am, kept 
in conta •t h.v the 'lveight of the fi. h leYer. 'l'hi. arrangement 
provides for the neees:at.·.v np an clown motion of the col lar. 

The fly-whc•el of the 1n·c•:s runs fl'ee]y on the shaft allCl wh en 
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t he tube is filled with blanks the press is set in motion by 
moving a pivotted lever, to which a clutch is attached. 

In conclusion, I believe. I have r eferred to all th e principal 
minting . machines in use at the present time, although ther e 
ar e many subsidiary appliances now employed in some mints 
which enable coinage operations to be conducted more ex­
peditiously an l with less cost than wa.s tb e case when engineering 
J1ad not attained the high st a.ncl arcl it ha.s r eached to-da.y . 



(11th 'eptember, 191 . ) 

EJ.;ECTRI POWEH, 0 r rrHE KALGOORLJR MTNING 
FIELD. 

BY C . E. CR.OCKER . 

·when the mines of t he Go lden Mil e wer e open d up, 
the extent to whi ch t he treatment plants woull ultimately 
d ' Velop could not be foreseen , and in the early stage.- no ffort 
wa. made to e. tablish a central electric po\\"er station. J_,ater 
developments proved that the {ield wa peci.al l.v snited for 
s11 h a combined plant, a. t he g1'eater part-in fact the whole­
of t he 1 rincipal min s a1·e ·oncentrated in a omparatively 
small area, lmO'!VD as "rrh Golden "Mil e." ncloubt dly, had 
t he mining companies in the early days joined in th e tahli. h­
me nt of a central station for th e . upply of electricity and 
compre. sed air for all pnrposes, or had a company tak n np 
such a supply, a great economy of expenditure on plant and 
operating cost would have been effected . 

Such a plant could have. been located a1 proximately 
centra ll~r to the mine. , and the distribution of current and 
compre.-. ed air would hav bee n simple, and th e cl I tion of 
t h individual power 1lants would have materiall y r ed uced 
th .-pac occupied 011 the sur face of each min e. · 

A combine] plant would have r eqnired to have a capacity 
st1itablc for a load of about 20,000 to 25,000 kil owatts, and 
would have operated most favourably , con idering lo al con­
ditions, and would have been a highl y intere ting plant from 
an engineerin g aspe t. 

Th e1·c " ·a.- not, however , up to about l 9 , any con erted 
a ·tion fO I' a entral plant. rl'h e l'efore each of the min es pro­
't'ecled with t he constl·u ·t iou of their own team plants a 

required. and the.-e wen ' grad ually enlarged, the us of 
cle tri it.v being up to then confln ed to isolated ligh ting plant 
on individual mines. 

About 1 9 the Kalo·oorlie Electric Power and T_,ightino· 
COJ· poratio11, Limited , which 1 shall call " th e pow0r co mpany," 
a, it is genCJ'ally ln10wn, was organised. . 

Owing to delays in o1·ga nisation, the plant wa.- not r eady 
fo1· operation until 1902, by which time th e min es wer e vvell 
eqniJ peel with steam plant. , and th e intro(lnction of electric 
poweJ' from t h ' ·entral station was consequently slow and 
difficult, and ha.- never .-uper. ecl ecl ;;team for hoi. ting or air 
•ompressing 011 tlw large min e.-. Notwit hstanding the late 
starting of the ccntJ·al . upply, and th e poor outlook at fir . t 
the . npply of power taken from it by t he mine. increased at 



ElJEC'I'HT POWER ON 'I'IIE KALGOOJ l~lE :;\IlNING FillLD. 31 

t ime i.o an extent that mad ' it clifficu lt to keep up the . up ply 
while additional generating plant wa. being in. tall ed. 

As treatment proce. ses were alter ed on th e mine , requiring 
tlw l'e-orga nisation o£ th e treatment p lant., cle tric drive wa 
g .nerall .' ' adopt cl, and in most ea. es the Power Company wa . 
u cessfnl in ·up] lying th e power. In severa l such cases in-

dividual load: o£ -WO to 700 kilowatt. wer aclclecl. rrh 
n crssity to tak up such extra lo<Hls, hdore additional machi­
n ry ·ould be in . tail ed . taxed th apa ity of the plant sev r ely 
at tim es. 

OND I'l'lO T • 

The onclitions o£ power generating on the Goldfiell were 
alld are somewhat unusual and diffi ult. As you gentlemen 
Hl'E' mostl~· well awa1·e, the climate is pretty hot and very dusty, 
and bl'fon· the 1·oads and :treets wer e as well mad as at 
])n'sent- tlw dnst wa. ver y mu h worse than now. I have £rc­
cpwntl.' ' seen t lw tempera'ture in the .engine room of the powt>r 
plant from 120 ° to 125° Fahr. dm·ing the greater part o£ t he 
tlny . alHl t his 11·onld nsuall)' be brought to a climax by a win 1 
stonn, d trri ng 11·hi ·h the dn. t p netrate. everywh re and thickly 
sett les over th e ma chin ery . But tlt e torm , fortunately, usu all y 
bri ngs a ·ool han g , and r elieves the ten. ion on both man ancl 
maclrinel')' . 

13csides t lt l' hC'at and dust, wlti ch adc1 consicl r ably to th 
rate of deprecia tion and mak xtra attention to maintenance 
allCl r epair.· ve17 ncce sar.v, the co ndition o£ fuel and water 
npplie: wc1·e and ar unu . ual. 'l'h r e is no oal availabl e 

nea l'er than Collie, which would necessitate a rail shipment of 
app1·oximatel~· 43-J. mil . . 

rrh L' t l·an mis ion of power from Colli e has £requ ntly 
bel'n . nggestcd . hu t the distanc i. too gr .at for it to be practi al 
COllllllt' t' iall~ · . especial] ~· in vi e\\· of th' un crtain life o£ i.h e 
mirws. which hH s ahmy: been a controlling onclition on th 
Goldfields. \. s rtl iabilitY wa. th e 0 Tcat e:. entia I o£ a central 
. nppl~· . a doubl e pole a~Kl tran. mi .. ion line would have bee11 
IH'cessar~·, all(l cal ·ulation: :howecl the capital charge. on th 
li1w alon ' would amount to practicall,\' th e eo. t of gen rating 
t lw ]10\rer on t he Goldfield . . 

On the other lumd, th e natural timber i .. pecially suitable 
f01 · fuel. anl ha: alwa.1·s been hcaper than oal , in spite of 
the ex1 ra cost of handling wood. rl'h e forest ha: been ut ont 
until most of the wood is now bronght from a cli. tance of 
bl'hVCE'Il /:) and 100 mil E'S. rl'hc V\'OOll i: principally salmon 
gu m and mnlga . ancl i: u . eel in 5 ft. length in boil e1·s. 'l'hc 
c·alorifi valu is bcbreen 4,000 an l 5,000 B.'l'.U. per lb. , b inO' 
.i n. t ab nt one half that of Collie oal ancl . omev,rhat mor 
than one-t hird that of cwcastlc• coH l. 'l'lll' prC'sent cost of 
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t he \rood is between )3/ - and 14/ - per ton on trucks at the 
llllll e . 

No mechanical means have been ' devised for handling or 
stokin g thi . fu el, an] consequently eac h p iece, wh ether large 
or small , is handled separately throuo·hout it travels from 
th e bush to t he boiler furn ace. 'fh e contra.cts for th e wood 
npply gen erally limit th e largest diameter of any piece to 

10 in. , and provide that log. larger than that hall be plit . 
Even logs of that . izc 5 ft. long are ver.\' heavy, ancl are 
handl ed in stoking by t ipping one end at a time. 

'l'hl wat r :upply ha . alway. been a . erion s probl em, and 
is a h avy expenclitlll'C in powe1· production on t he field . . 
Before th ·. advent of the . nppl y from Muncl aring, be.'"oml the 
littl whi h could be on servt>cl in clams from the verY nn­
c rtain rainfall , t he boil er water hacl to be -co n<l ens cl fro.m th e 
subterranean s~.lt water. Th e evaporation and condensation 
of thi. water was an expe11 sive operation, as the und erground 
water ( which was n sna lly taken from the min e shafts at a 
depth of 300 to 400 feet, and whet·e the flow was not over 
25,000 gallon. p r clay at any on e shaft ) was very heavil : ' im­
preg nated with sa lt.. th e tota 1 solid: frequently r unning a 
high as 20 per c nt. In con. eqn <'nce of th is, th e tanks or boil er. 
in which the water wa: eva porated had a ver y short life, and 
r qnirecl a gTea t clPal of ·l eani11 g. Cond ensation wa s effect.(·cl 
in tl1 e familiar conngated ga lvanized iron cylind <'r. 

'fhe price of cla m and on de nsecl 'wat r for boil er nse varied 
between 35/ - ancl 60/ - p -r thousand ga llon ., and th e actnal 
cost of condensing ra n h om 30/- to 40/ -, in cludin g pumping. 

'l'h e p r-ice of water f1·om the l\1unclarin g supply is 7/ ­
per thousand gall on . for boi le l' water , and whil e this is a great 
rcdnctio11 from former con htions, th e price is still vCl',\' h igh 
compared to that at mo:t pla ce~o;; wh er e large power is gener at<'cl. 

In conseqn <' nce of t he lrigh eo. t of fuel and water , i t ha. 
always h en necessary to u se st am engines of th e most eco­
nomical type po~sibl e . That fact has prevented th e use of 
stea m turbin Ps extcnsiv 'ly , as th ' Y l1ave not be<'n built (at 
lea t until very r ecent yea rs, if at all ) in the sized unit r quir d 
in the plant. a: th ey exist on th e fi elds, with an:'thin g like as 
low steam con:umption as th e higher class engin e: wonlcl give. 
I will refer later to th e comparative . team consumptions of 
th various t:n es of engin e: in use, when des r ibing the pl an t 
of the Power Company . 

Owin g to the high cost of fu el an l water , th e Goldfield. would 
a ppea r to offer a most snitable op ning for : u ction ga. plant.. 
Bnt, whil e such plants have be n u. eel to some extent on the 
K algoorli :field i11 small unit: sn ccessfull:·, and on th e outl .,·i.ng 
min , wher e central el t•ctric power wa. not avail able, tl ~t~ir 
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comparative nnreliabili t .Y has preveJltccl t heir use on the large 
mines, wh ere an unintentiona 1 . top page of ven a short period 
m an. · a heavy finan cial los. . Ga. engines would have been 
ntil i,.ed by the Power Company except for that r eason. 

V . 1 J~JOUS P LANT · o 1 ·r.rm 1r 'ES. 

For th past t en years, the O'rcater 1 art of the electric 
cnrrcnt u ed b~· th mine. , with one or two xceptions, ha . b en 
drawn f rom the service of t he Power ompany. 

The Golden Hors . hoe and lvanhoe mines ha\ e gener at d 
their own ele ·tri current, and the J..1ake View and Star mine 
generate a portion of their r equirement. . 

Of th e. e i. ola ted plant. , that of the Golden IIorseshoe 
i;; t lw most imp01·t<mt. J t consist .. of two high pressm·e tea m 
turbiue,., ach of 625 K.V.A. capacity, and one low pre sure 
'team turbine of 938 K.V.A. a1 acity , all built by the A. E . G. 
Compa11~r . 

The high pr ssure unit work on 150 lbs. steam pre .. sm·e, 
. uper-hcatcd to 550° to 600° Pahr., and each exhausts direct. 
into it own conden er. 'l'he low pres ·ure unit operate. on 
the exh au .. t ste~nn fro•n th e mill engine and th 70-drill air 
comp t' 'S or . nnd al. o exhau . t in to its own conden er. 

All co nd Pns r · are of t he urfa e t~ ·p e, and arc install f'd 
undcJ'JJ I:'ath the turbin s. 

The cooling water is cir •ulatcd by motor and turbine 
driven pumps through cooling tower .. , wh ere th e water ha. 
a drop of 40 feet. 

In th e tower · the temperature of th e water i r educed 
about 20° ]''ahr. average throuo·h the year , th e circulation being 
equal to ..J. :) to !10 lbs. per lb. of . team conden. ed, and th e 
aw1·age "acunm obtained is 26i in. , with the barometer r ead ing 
at 2 .7" av 'rage in Kalo'oorlie. 

'l'hc cooling tower. are arrang ] in two different way 
at the Ilor. e. hoe MinP. Tn on tower ther e are a numb r 
of floors for breaking np th e water a. it fall. through thP 
tower, and above th e. e floors are arranged a set of sprays 
throngh which t he water i. projected. In another tower the 
water is Ji.stl·ibuted at the top through launder . or di.tributor. 
and flow;; throngb <1 serie. of floors or barriers ·made up of 
bru. h. 'Th e water running over the various twigs and branclws 
of th brush is well expo eel to t he air, and the oohng in 
t his tower i. aid to be con iderabl~' more effective than that 
in t lw tower formed of . pra.' · and floor . . 

'The team con. umption test.' of the high pressure s t. 
var:v betwee11 21 and 24 lb . p r kilowatt, and th e low pres ure 
se1 takes about 37 lb . . p r kilo,ratt honr on t est at the min . 
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The compres.·or which exhausts to t he low pressure tw ·bo 
is the largest in t he Southern H emisph er e. The team cylinder.· 
are 27" H .P. and 50" hP. diameter, and the air -cylinders 
2 -!" H.P. and 46}." L.P ., ·with a 5 ft. str oke. The capacity 
is 7,000 cubic feet of air p er minute. 

The plant at the Golden Horseshoe mine has many inter­
esting features, and has been very uccessful. 

'l'he tnrbin generators supply three-p ba:e alternating 
current at 560 volts, .-o cycles. 'l'he voltag i. closely cou· 
trolled by Tirrel voltage regul ators. lt is notewor thy that 
t he stators of the hio·h pres. ure t urbine generators are cooled 
by a water jacket a. well as air ventilation. 'l'he low pre sure 
et is air cooled onl y . 

The output of thi plant, wh en the treatment was in full 
working, has exceeded the rate of 7,000,000 uDits per yem·. 

GENERA!, S U PPLY. 

'l'he general supply to the mines is furni. hed by the sy:tem 
of th e Power · Company at a normal voltage of 550 volts at 
th con . umer's premi:es, 3-phase, 40 cycle. 'J'he original plant, 
which was first operated in 1902, con. istecl oi ] abcock and 
Wilcox boil ers, vertical cross compound Stewart Cci rliss en­
gines, and r~ ouche aero condm1s r s. 

All t he boil ers and machin ry are housed in :tructnral 
-teel buil cliuo·s covered with cornwated galvanized iron, with 
con rete fl.oo1': . 'l'h arrangement of th e plant is the customary 
one, with the boiler hou:e parall el to th e engin e hou se, and the 
r ailway siding delivers the wood fuel direct ly in front of the 
boilers. 

in e the ·plant was originally install ed , four additio11 al 
generating unit., together with necessary boil er equipm ent. 
have been added . Th se units consist of thrc horizontal cr os 
compound drop valve engines, and one mixed pressure P ar so11s 
turbine unit. The conclen sing arrangements have also been 
alter ed , owing to the arrival of th e water sup]ly at K algoorlie. 
and barometric and jet condensers are now in use. The 
generating plant at I r esent has a total of 4,600 K .V.A. rated 
capacity. Of this, however , two of the original 500 K.V.A. 
units are practically never used, and serve only as stand-b.\· 
in case of extreme urgency. · Hence with 3,600 K.V.A. in 
active u e, 2,600 is run practically the full 24 hours, except 
Sund ays. 

With this equipment the output has exceeded 15,000,000 
units per annum, which is exceedingly high for a plant of snch 
a r ated capacity, and i. due to the very high load factor , of 
70 per ce11 t. or over , under which the plant operated . 'This 
high load factor was du e to 95 p er cent. of the output being 
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used by th ~ mines for treatment plant where the load i. very 
steady, and which, until r ecently, ran practically . even day 
a week full time. Since the -vva.r started, owing to variou. 
f actor., the mines are now shutting down on un lay , o that 
t he load factor is not as good as it was before. 

The steam is generated in Babcock and Wilcox land ty pe 
boilers at 160 lbs. gauge pre sure, and superheated to 460° 
t o 500° Fahr. at the engine· . The boil ers a.r e hand fired with 
wood fuel, which as far as pos ibl e i thrown direct from th e 
l'ailway truck. to th e front of t he boil e1·, 1· ally for stoking. 
Of. com·s , it i n ce sary to k p a large quantity of wood 
as r e. erve, and gen erally th e amount of wood stacked on th e 
lease is behve n 4,000 and 5,000 ton , or practical! r one 
month's supply at full load . Thi · wood requires a considerahl l:' 
space for storage. The tacks are not used up until shortag 
of . ·up ply compels it, a. the deterioration in calorifi c value after 
the first few months is n egligible. 

A CO z r e order is constantly in use on th e flues, and has 
been found of much assistance in detecting leaks in- boiler 
s tting. and al. ·o in encouraging the boi ler attendants to obtain 
better firing r e nlts. A ati factor)' .-ystem of stoking with 
wood is difficult t o obtain. 'l'he univ r sal system adopted by 
the fireme11 i . to fill the furnace full and leave it until well 
burnt down, and th en r e-511, instead of lighter and mo1·e frequent 
.toking. A.- th e fire door. have to be fully open whil e toking, 
t he system i. obviou ·ly not efficient. 'l'he evaporation obtained 
in the Babcock boil ers, a. · cl etermined by numerous tests, aver­
~ ge.- 3_} lb. . of water from and at 212° Faln. per lb . of wood. 

All the water used by the boilers is :filtered through a sand 
bed in a Patterson water treatment p lant, and is measured b)' 
a Lea r ecorder. 1'he water r eceived from the main contains 
a good deal of su.-pended matter in the form of fine r .d dirt 
and oxide from th e interior of the water scheme pipes, and 
at time.- it is quite 1·ed, hence particular attention has bee n 
devoted_ to th e filtering arrang ments. 

The original vertical Corliss engine were very heavy, 
stl'ong machine , and capable of hard duty. 1'hese units wer e 
at one time, owing to shortage of car acity, run at 25 per cent. 
over load almo.-t constantly for several months, until a new 
1.1nit wa · in.-tall ed. Th e. e engines were, however , " steam 
eater.," and w re mistakenly . elected for Gold-Belcl use. 'rhe 
steam consumption averao'ecl 27 to 28 lb . per kilowatt hour 
on th e regular ommercial load with a 23" vacuum. Some 
years ago arrangement. were made to convert one of these 
to a Sulzer valve gear ( i .e., drop valve ) , and the work was 
very succes fully executed by a Melbourne foundry. The ar­
rangement wa · rath er difficult to attach to an existing engine 
without :;tltering the trunks of the engme and the valve 
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chamb rs had to be .·et out.·id e of the cylind r ., which mah:et; 
t he working somewhat noisy. 'fhe steam consumption, hOII·­
ever, wa. brought down to 22 lbs. per kilowatt hour by the 
chano·e, and a much more sati.-faetory engine, a · r >gard upke~-'p 
and reliability and :uitability for ur erheat cl steam, r esnlted . 
'l'h e cut off gear on the high pre ·, ·m·e inl et va lv i. ffected 
by a moveable rod control! d by a trip actuated by the governor. 
The valve gear on each cylind er i. driven by a vertical .·haft 
carri ed on ball b arings oper ated from the bev 1 gear on the 
ma in sha ft of the engine. The vertical , haft drive. through 
another set of beve l gears t he shOl't lay . ha f1' on t he cylinder. 
whi ch carrie. th e cc ntrics and cam. which actuat the valves. 
No tronblcs whatever have bee n experienced with th ese vah-es 
after a number of years ' operation. 'l'h c difference in the 
original Co1·li · va lve and the al tered engine is in terestin g· hoth 
from the point of view of: steam economy antl upkeep cost and 
reliability of: operat ion. In th e original Corli ·.- engine con­
siderable troubl es were alway.- experienced with the large valves, 
t hes' troubl e. being pri11 cipally dLP to lubrica hou difficulti(~ s, 
and t he seizing of: the valves and the twi. tino· of the spindle 
through which th ey wc1·e driven. 'l'hey wer al o unsuitabl e 
for n."·c with superheated . team. 

It is interesting to note that the poppet valve, 1rhich made 
the ngine: of 'u lzer Bros. , Switzerland, famous, \vas first. 
a1 plied by 1'hcrn abou t 50 year.- ago, and wa. de igned by an 
Engli h engin eer, Cha . B1·own, at that time chi e f engineer of: 
~:h ilzer Bros. The poppet valve eng·in was taken np generall y 
on th e Contineut, but J'Jngli sb and America n engine de:igner 
and bnilders adh ered to th e Corliss valve until comparatively 
recent years, and were apparently only forced to admit the 
virtn es of the poppet va lve by th e extended nse of snperheated 
st am. 'ome Eno·l ish firms ador ted it severa l ,vca r. before 
Am cri ·an designers, but it is only in the last eight o1· te n years 
it ha · been sPriously taken np, although it ha.- long been the 
. tand ard on the ontln n t. 

'l'he poppet valve ha. fleveJ·aL advantage.- over th e Corlis . . 
amongst whi ·h are:-

Less weight, being one-tenth to one-fifteenth as heavy 
as a Corliss va lve having th e . ame . team area. 

No rubbing· snrfacc to introduce wear and lnbricatiou 
troubl es. 

'uitability for high temperatnre and high pre:snrc. 
l ;ong life, due to th e litt le wear and mnch improved 

steam ccouom y. 
In the Kal goor li c . t>ngin c all the difficu lties of tile Corli.·s 

gear wer e overcom by the n w arrangement. 'fh e alteration 
wa:-; so su essful that it wa s qnitc intended to alter th e remain-
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ing two vertical engine· in the same manner , but, owing to the 
neces ·ity for incr ea ing the capacity of the p lant, addition·al 
units wer e installed, and th e Corliss engines wer e r etained 
merely as emergency stand-bys withou t alteration. As you 
will appr eciate, with a load wher e continuity is so important, 
as is th e case with gold mining, it is n ecessary to have not 
only th e usu al p r ovision for stand-by p lant, but something in 
additim1 to that a: a r eserve in case of exten ive breakdowns. 

'l'h esc original :et. werE fitted with 600-volt generator 
of the 1·evolving fi eld typ e, hnilt by th Gen era l El ectric om­
pany of Am rica . 

In 1904 a 23{" x 38" x 41:!-" horizontal engine, h aving 
a capacit.'' of 930 T.H.P. , built by Frank 0 . To. i , of ]~egano, 
Italy, was in. ta.lled. rl'hi..- machin e is fitted with poppet valve: 
of th e don bl e port balanced typ e, and has proven very r eliable 
and satisfactory in operation . Th e steam con umption of this 
engine on commer cial load taken over an eight -hour test is 18} 
lbs. of water f ed into th e boilers p er kilowatt hour, including 
the losses in the steam jacket ing of the cylinders. · This unit 
:is fitted with a \Vestinghouse 500 K .V.A. 600-volt generator, 
and exhausts into th e main exhaust pipe to th e barometric 
condenser . . 

In 1909 anothe1· hor izontal unitl, con sisting of 30" x: 54" 
x 4 " stroke en giue, r at ed at 1,600 LII.P. , and lmil t by Cole, 
:l'l'l ar cllant and ::\:1ol·le.'' , of Bradford, England , driving a 1,]00 
K.V .A . A . E. G. 3,300-vol t generator , wa. in. talled. 'l'his 
engin e i.- fitt ed with the 1\IIorley patent pi ton drop valve, which 
in external appearan ce is somewhat . imilar to th e 'l'osi en gin e, 
but the valve itself is of quite a differ ent type, and consists 
of a very light casting of special quality iron carry ing piston 
r inO' ·, and it. particular virtue i.- its great lig htn es. , so that 
all of the valve gear i. corre pond ingly r educe l in weight, 
and th e wor king of the valves themselves, as th ey do not fall 
on a .- at, i. more quiet than that of th e type of valve gear 
u . eel in the 'l' o:i en gin e. Experience has hown, however, that 
these valve gears are more sen itive, and , as a consequence, are 
liable to cau.-e mor e trouble than is th e c~;~.se with the Tosi 
gear. 'l'he steam consumption of the en gine on commercial 
t st i · th e same as that of the 'l'osi-18-~ lbs. p er kilowatt hour, 
although it is double th e capacity of th e Tosi engin e. 

This engine al o exhausts to th e main barometric con­
den . r s. 

In 1912 a horizontal 25{" x 43~" x 35i" en gin e, built 
by Car e] Freres, of G-h ent, Belgium, rated at 825 I.I·I.P ., drivin g 
direct a 550 K.V.A. A . E. G. out. ide r volving field type 
gen erator, was installed. 'l'his engine h as sever al novel features, 
and i. a very fine I iece of \vork mech anicall y . Th e en gine i. 
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:fitted with valves of t he Lent z type. 'l' hese va lv 'S ar e of the 
double eat cl clrop valve type, simil ar to those in th e 'l'osi 
erigine, but in. t ead of being mount ed in t he body of t he ey lin dr r , 
both . t eam and xh au. t va lves are mounted in the hea<ls of 
t he cylin der, t hus r dn cing t h clearan ce spac in t he cylinder. 
'l' he body of the cyli.nder i. con equentl y merely a barrel in 
which t he p i ton works. This constru ction is mechani cal!~· 
strong . 

Th ese va lves, in · fa lling befor e they fi nall y close on t he 
:eats, Pnter a contracted portion of the vnlve ea. iug, wher e 
th e stea m i. pr actically cu t off a.nd a cushion is formed, whi ch , 
in a ·!cl it ion to t he ou tsid e da. h pot, consider ably r educe:; the 
shock of t he valve on the seat , making t hem very qnict in 
workin g. '!'h e. c valves have p roven exceeding ly r eliable, and 
t he maker ' f aith i11 them is in h eated bv the fa ct t hat th e,· 
give a 20 years' guaran tee of t he va lve.·' 'l'his engin is ti{e 
most eeonomi al in t h .tatio11 , and t he steam consumption is. 
on commer cia l t est, 16} lbs. per ki lowatt hour, whi h is ven · 
low for a 500 kilowatt set. 

It mu st be bOl'll e in mind t hat all COllSUmpt ions mentione 3 
are taken uuder actu al wor king conditions on commer cial load 
in Kalgoor lie, and r epr e: ent the water evaporated by the 
boil rs when t he cngin . are wor king on a 23" vaennm. 

'l' he Ca rPI 11nit <'x hau sts in to a hori zon tal jet condenser 
lo atecl un der t he engine, the combined air an 1 \Yat 1' r mnp 
for which is drivt' tl by a rod f r om th low pre .· ure cra nk pin 
of th ' engine. \Vhen t hr· plant was install ed t her e was ome 
fear th at th is (h ive an angemcnt would not ] rove r eli able ancl 
might ea u.· tronble antl in terrnptions; . uch has not been t he 
case, however . A not her pecial f eatu r e of thi. un it is the type 
of generator . [n all of th e other slow . peecl sets th e 1' volvi ng· 
fi ltl is iHsid e of th e <ll'matnre or . tator. In thi: unit, how Vl'l'. 
th r armat m e for m t he insde por tion a nd th r evolv ing fi eld 
i: outsid l' . tl1l' objC'Ct of th i. Hl'l'<tll gement IJ . ing to il1Cl'C'aSC' th e 
fly-wh eel effect wit h economy in mat r ial. 

In l 91 3 a P ar sons mixed pres. ·ur e steam turbine un it , 
having a capacity of 750 kil owatts, at a 75 per ceut . powl'l' 
fa ctor, was install ed. Th e generator is direct woun d for 3,:300 
volts, and t he steam tu rbin e i: ca pable of car rying its fu ll load 
on th e high pr e .. m·e side onl y . ]; or some ti.mr after the uni t 
wa: insta ll ed it was oper ated on mi xed ]WC'S. ure, the low prc. 8111 '< ' 
steam b 'ing taken from t he exhaust of t lv engines. It was 
fo und , ho" ·ev r , that the plant economy, after the use of t he 
Corli . . engin e wa: liscon tinued ,· was not incJ·pasl'd hy this 
an·a t1 gement , as th e extr a steam taken by the dr op valve e11gines 
wh en exha u. ting to th turbine aga inst the hack pre .. nre was. 
witl1 t he except ion of the alt er ed ver t ical engi ne, about -tO 
per cent. gJ:eateJ· th an wh en running cond en sing, and that thi: 
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dccrea:e in ccon omy was not compen atrd for by the working· 
of the tnrbi ne a. a mixed pres ·m·e set. Recently the turbine 
has been used practicall y a a hio·h pre .. ure unit.· nckr these 
co ndi tions, tl1e stu1m co nsnmpt ion is 22{ lbs. per kilowatt hom· 
on ommercial load, \vh en working with a vacuum of 25". 

I r vious to the installation of this unit , turbine.- were not 
install ed in th Power CompaD)' .- plant, a· mentioned before, 
becan .- the type of engin u . 1 gave a o-r at deal higher e onomy 
nncler To ldfield condition ., where a high vacuum cannot he 
obta in Cl without heav)' expense in pumping circulating water. 

At the time the 'l'o.-i engine w<J installed. ca lcu lation. ba. eel 
on the manufacturer's guarantees, later confiJ·mcd l .v actual 
te. t., showed that the extra economy with the engine \ronlcl 
pay for the cliff'c•rence in 1'0. t betw n the ngine ancl a turbine 
:et of thc sa me apacity in one year' operation, althoug h the 
slow . peecl engine cost installcd twi · the amount that a tu rbine 
. et of the samr capacit,\' would eo. t. This fact wonld not, of 
om· ·e, hold ·good for units of ov r 2,000 kilowatt capacity, in 

wh ich si1.1e the turbo economy i. better, but, O\ving to the wa,\ ' 
in whi h the power plant wa.- bui lt np and thP nn ·ertaint:v 
of tl1c life of th • mines, it wa.- necessm·y to 11 s gen rHting 
. ets of s maller capacit)'. 

ln spit<' of tlw fi ltering arrangement.- in use for th feed 
we1ter. eonsidP I'ahl<' t1·onble has heen expcrienc cl in the Parsons 
turbin owing to the ac u inulation. of di1·t and oil on tllP blacl es. 
'l'o all appear;-1 nce. the filteJ•ccl water i. quite ch' <U', and one 
would 'xpcct that the velocity of' t he steam pas. ing through 
the t u1·bine woulcl ca r ry with it into t he exhaust aD\' snch 
solids as may com over ~vith the steam. But this clc•po.-it. form: 
on the blades, gracluall)· r clncing the ea pacit.v of t he t11rhin e, 
nntil it is necessary to opeu it up ancl carefnll)• serape ancl 
blow out 1lw blades ewt·\· s ix to hn~lYe month . '!'he ckposits 
will a ·c:nmulate if allO\red to do so 11ntil thel.'e is pra ticall_\' 
no spa ce lpf't heb\'t'en the blades for the pa.- age of th' stc•am. 
ft is so fin e ancl .-oft that no troi.1bl ha been Pxpcri t'n cecl 
tbrongh the deposit getting hetwc>en the moving and stational')' 
blacl<.'s. Th ·pra.ving of kc1· sene into the . team inlet ha: 
helpt•d to decrease• the accn nllll ation, but does not prevent it 
altogcth '1 '. The clifficult.v . cems to be p culiar to reaction type 
tnrhines, a.- f have not lwarcl of it occurrin g with imp11l. P t)'])(' 
turbine. i11 use in Kalgoorli .. 

The tu1:bine set ex he1u sts din'ct to on of the barometric 
collclt'nser.-, \\·hich is also onnc• tell to the common exhan. t 
pipe . 

'ol':"IWJNSI G Am~ .\ NGE1\ I EN'rs . 

'l'lw J•io·inal Fon ·h e aer o ·ondenscr., which were in . taliL' d 
before the water snpply wa available, were in te1·e. ting, ancl 
gave ver)' good service. TlH' S(' con cl en sel'. onsi. ted of a largP 
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11mnbe1· o£ narrow chambers coJJ. tructecl o£ thin corrugated 
. t eel J lates, spaced about .l" apart. Each of th e . t eel chamber s 
ha. 1,345 sq. in. o£ cooling . urfa.cc, and 51 chamber are groupHd 
t o<rether in a bundl e, and 15 bundl es are monnted in a com­
l artmen t or . ection of the oud en. er. This gave an area. uf 
7,1-±1 sq. ft. p er section , or 21,423 sq. ft. of cooling . mfa ce 
per nnit, con den . ·in g 13,500 lbs. of . team per bour, approxi­
mat ely equal to 1.59 sq. £t. per lb . of steam conden eel p er honr. 

Ea h . ·ectio11 i enclosed in a t >] casing with open top , 
and suppl ied wit h air by three fm1 s 7 f t . in diameter, rnnning 
at 320 r.p .m. Three of these .·ection. · wer u . eel to condense 
th . t eam feom a. f1 00 kilowatt unit ,and r equired 45 I-LP. for 
driving th e fm1 s, wl1ich is equal to about l er cent. of th e 
outpu t of th e gen r fl ting unit for which the condenser act s. 
vVith th ese aero con ]en . ers th e va cuum necessarily varied with 
the t emper atul'e of th e atmosph er e. 'l'he avera ge obtained wa. 
1 " t h1·onghout th e year, r m1 ging f rom zero, when th e 
t emper ature of t h external air was above ll3 ° I~'ahr. (shad e 
t em1 er ature ) up to 22" vacuum with a t emperature of 43 ° 
l!'ahr . (sh ade t emperature) . The condenser wa very economical 
a r egards lo . . of water , and only 5 1 er cent. of make up water 
>vas r equir cl t o . upply th e boil er:, a: a<rain. t 25 p er cent. t o 
30 p er f'nt. with barometric cond ensers and cooling tower s. 
Car fn l calcul atioJL ', cl1 eckecl by t est, showed that th e cou­
den . er . ·ould be oper ated mor e cheaply than eith r .·urfac or 
j et ·ondcn:ers wh n th e price of water exceed cl 5/- per 
thou. and o·allon:. Owing, how ver , t o th e exces. ive capit al 
exp 1 clitnrc and th spa e occupi ed by th ese con len ers, th e 
u . e o£ t he plant became inadvi ·able, and barometric cond nsers 
wer e in. tall ed. 

A s t of Fouche condenser . suitabl e for 500 kilowatts cost 
approximately £16,000, a· a.gai11st som £2,500 for a barometric 
con ckn. er nnit , includin g pump. capabl e of doing twi ce the 
work. 

Th e writ r wm ild have i1o hesitation, after t he experien 
of th eir working in K algoorli e, in acloptino· the e cond enser: 
in locatio11 . wh er e th e pri ce of water is very high , and _th e 
capit al eo t i · perrni ibl e for any plant of small ca.pamt_v. 
The climate of th e fi eld. i.- very dry, and no troubl e from 
corrosion of th e steel cham bcr.- occurred dnrin g the four or 
:fiv year the cond enser . wer e in n. e. If u. eel at interv::~l. 
onl_v,' ·o th ey wer e standing cold a laJ;ge part of the tim e, or in 
a moist climate, th e~' should be protected by a roof. 

Tlw on denser : now i11 u se con si . t , in add ition to tlla t 
on th e Carel engine, of two large barometri condelJser s, on 
mounted at ea h end of the main engine room an ~ connected 
by a 24" main cxh anst pipe, into which all of the engine. , 
except th Ca.r el nnit, C'xh an. t. Barometric conde11 . er.- we l' 
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chosen instead of surface condensers owing to their great r e­
liability and the less quantity of circulating water r equired 
to obtain th e same vacuum. These conden. ers have proven 
very satisfactory :md r equire practically no attention, except 
that the water · attacks the inside of the steel shell. and trays, 
neces ·itating periodical . craping and painting. 'l'his being 
attended to a bout once a year, th e corro. ·ion has been r educed 
to a r easonable item. 

'l'he cir culatino· water i.. pumped to the towers by both 
motor driven and steam driven centrifugal pumps, stancl-bys 
being provided at each condenser. One set of pumps is driven 
by an Allen . team turbine r ated at 120 I-LP., which ha · proved 
very r eliabl e in operation. It consume.· 30 to 35 lbs. of steam 

· p r hor ·e-powcr. Mirlees vVatson slide valve vertical vacuum 
pump. ar e used, being driven by electric motors. 

'l'roubl e is experienced with t he corrosion of a.ll steel. pipes 
around the plants in Kalgoorlie wh en using Mundaring water 
supply, probably owing to the excess air contained in tlu3 water. 
So much trouble was experienced with this dif-ficulty at the 
pow r plant that wooden pipes have been gradually substitu ted 
for circulating pipes lea cling from the pump.· to the cooling 
towers , and th ese have given every satisfaction. 'l'hey are al . o 
in nse for t he water main into th e plant, and for th blow-of1' 
pipe of th e boi lers. 

Although corro ion troubl e i. · not experienced in t he 
boilers, this action of th e water was very seriou. in t he f eel 
pipes, which deteriorated so rapidly that it was n ece. sary to 
r en ew the heavy hydraulic pipe every twelve months. This 
became such a heavy item of expenditure that after investiga­
tion it was decided to in. tal lead- lined . teel pipes throughout 
the feed . y .. t em. Th ese pip s have practically overcome the 
d ifficul t~' , and have bee n in u .·c now for . ome six or sev n yenrs 
without any troubl e occur1·in g. 

'l'hree ·eparate cooling tower s arc in u se at t he powe1· 
plant, part of which are arranged with th e laund ers and floor 
·'.)'Stem, and th e others with sprays and floors. 'l'he water fall: 
a total distance of 23 f eet in the.-e towers. In summer th e inlet 
temp\')rature rises as hi o·h as 90° in the hottest weather , bein g 
reduced from about 125°, at which it leave. the tail pits of th e 
conden .. ers. Th e towers are all of th e natural drauo'ht type, the 
strncture extending 40 ft. to ;:;o ft. above th e water . 

A. the output of the plant incr eased it -vva.- foun 1 desirabi 
to raise t he tran . mi .. sion voltao·e, and 3,300 volts was adopted. 
Tran. formers were insta lled in cmmection with the original 600 
volt generating unit , and th e later generator wer e wound 
direct for 3,300 volt: . 
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'l'h e ·urTent is transmitt d to the min e by overhead line::; 
on "'ooden pole. , and very h eavy copper lines a1· used, owing 
to a ·on id c r·abl e p01·tion being tnmsmitted at th e lower voltage. 
Both th 600 vo lt and t he · ,300 volt wires are carried on the 
· ·a me 1 oles. Th e mines fm·t he. t from the p0wer plant ar e 
.-npplied th r ouo·h tran. form er s at t h e sub-. tation , wh er e the 
voltage is l'edu r l to 550 volt.- for the motors. Three of these 
. ub-. tation: ar in u . e, two havin g a capacity of 675 kilowatts 
eac h and one of 900 kilowatts. Singk• p hase transformers are 
used <1nd onrwctecl cl Ita 0 11 hoth ]Wimm·,v and srcondary, so 
that in ea· of breakdown of one transformer, th ervice can 
bt' par tiall y ma int ained 011 t he r •maining two tran f or·rn r s . 
rJ'Iw sub- tations are, a: is t he Case with 1110 t hu iltlings Oll 
t lw minino· fi eld , wh r e thr fntn r·e is very uncertain , con.t ructe<l 
of wood hami ng and cover·e<.l wi t h galvani~cd ir011. All t.ran . · 
former cir·c11 its and the f eeders at the power station are provided 
with automatic oil . wi t he.· on th e high ten. ion . id e. Both 
cl ctrolytic and mnlt i-,;ap lig htning arr st01·. art' u. cl on the 
mai n feccl e ,.,. . 

All the outl .ving di trict is supplied t h1·otwh overhead lines 
airtl pol ' ty] e tnmsfor·mers. 'l'h e Gol lfield. arc . 11b jcct e l t o 
very heavy lightning . to1·ms <1 t times, \1 hich are . pecially 
ficr ·t• afte r· a long dr.v spell. C'onsiderahh• trouble wa. originally 
cxpr1·ien r;t· tl from th es ' li g·htni ng- . to1·rn:; throug-h burning out 
of meter . <111<1 motor s, antl to over come tlw LliJfknlt~· a la1·g 
Jlnlllber of alltli1imral lig-htn ing ancstor s wer e pl aced in : c1·vice, 
ell'cctino· a ve r·y lecicled irnpr·ovt•ment. T.~ i gh tn i ng arrestors 
ar e now ns •Ll at th e Pnd: of all linc·s both on the 3,000 an d 
!)50 volt ircLiit: , and at a ll b r·an h line. antl t r ansformrr .. 

Current is uppliecl fol' t he K algoorli e electr i · tn1 rnwa ,v 
system through three 200 kilowatt converter . , in. talle l in th 
power .tation. The load of tlw tr·amways i.- very fi n · t 11atin ~:. 
a. th e numb r of t1 ·ams in u:c on th r av Tage i only r ight o1· 
nine, with an aver<10'(' daily I'Cqnirement of about 200 II.P. , 
whih• 011 holidays and ra ·e days t h peak load on th tramway. 
ofte n nms np to over 1,000 Il.P. 

1\Ir TE ::\Io·rm~s . 

l~ l ectri c power ha. n ev r 1 en adopted on th min es fot 
hll'ge winding engines or ompres. or:, principal!~· be a u se th 
lar·ge steam pia nts w l'e in sta ll ed before t>lectric powe1~ wa . 
available, and t he ca pital cost of ' lechi · windin g in. tall ations 
i: very heavy, and tlwre would have hee11 litt le or no ga in in 
eCOilOill~' · 

A great va r·i et ~· or mOtOI' ap plicatiOJl. have been macle to 
th e general min irw mach in r r y. 

A nnmbm· of th e d rives at t he Gold C' n Ilor esho 
minr a r·p w 11 a l'l'nng ed. b' ift,v hor se-pow r individ ual 



motor · are used foT dri ving 1 or t ion of t he t nbe mill . 
t hrough sp ur o·car. These tube mill s are fo1·med with a 
long cylindr ical teel casing mmmtecl 011 an incline, a.nd th e 
crushin g in:ide of th e mill is effected by flint boulders, th e 
nnground ore b ing fed in at one eud of the cylinder, and 
pa:. ing ont after grinding at the other end. In other cases 
several or the miU · are driven from a counter- ·haft by larger 
motor· . A 160 H.P. motor drives through a. rope drive, four 
of t iH' t11bc mill .-, and 14 concentrating tables. The motor 
is •ar1·ying <m avera ge load , with all machinery working, of 
l.SO ILP., " ·hich it appea r to do without burning out. 

Until within the la:t few year. most of t he ta ilings on the 
min · wer e der o ·ited in dump. on t he leases. On t he Golden 
IIor:he:hoe the tailino·: were conveyed to t his dump b~r mealls 
of a long belt conveyor, which r equired motor · of about 1!10 
Il.P. to drive it . The belt conveyor was sever al hundred feet 
in length , an I the clump ro. e to a heig ht of nearly 200 feet 
at one time. 

'fh ere is a considerable contra t in th e ar p ar atus r eqni r efl. 
for the pre. ent method of conveying the tailings to a sli mes 
dam on the flat bv mean of mixing water wit h t he 1ailino·;; 
and . pumping th em' awa~·. "" 

On the Great Boulder mine th tailings were originall_,, 
dispost'd of in a :omewhat similar manner, bu t in thi ea 
a B l ' icher t ae1·ial clum1 ino· tra m . y:tem, consisting of a. hea.V)' 
struct ural steel f 1·amework, ca1ryin g an cn<.lles rope convcyill g 
the truck: to th e top of the <1 ump , wa: in use. The driving 
motor , 30 II.P., wer e install ell at lower encl. This a lso ha 
been superseded by pumping the tailing. away with a centrifugal 
p ump. 'l'he tailing. a1·e now I umped to dams on t he Hat: , 
near Ha n nan '.- Lake, about a mil e from the mine. 

'J'hi .- chang' in the method of disposing of the tailings wa · 
ma de po:siblc by arrangement with th e \Vater Suppl y Depart­
me nt snppl,ving the water at a cheap l' rate for thi · particula1· 
p urpo. c. 

A 90 ILP. motor on another mine drives eight 5-ft. Wheeler 
grinding pan , and a centrifugal pump. 'l'he load, with all th e 
pans a nd shaft ing, is 80.2 II.P. , and the average hor e-power 
taken by each pan is 8.-d- II.P. per pan . These pans take up to 
J.± II.P. each wh en new shoes are fitted and until they a.re worn 
<lown for a few days. 

\Vh ' n stamp batteries wer e in O'reater use than now, then· 
wer e .-evcl'a 1 motor driven. 

A 30-head (1,050 lb. stamJ s) mill driven by an 80 H .P . 
motor , a ncl a 15 H.P. motor on th e rock breakers, running 
constantly, consumed 51,000 unit. for a 30-day month on the 
average. The .-ame plant, including al.-o a 30 H.P . motor on 
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conveyor.· and treatm n t plan t and 5 I-LP . on a m1xer , u sed 
a tota 1 of 70,700 units p er 30 clay . 

Anoth er mill u.-ing 20 head of 1,000 lb . stamp. ·, dri ven 
by a 50 H.P. motor ancl h aving t wo 5 I-LP. motor. in addit ion 
011 1 ump , consumed 20,000 units monthly, with 10 head con­
, t an t l.v r unning and 10 head on cu stoms work constant]~· 
emplo_,·ed , except wh en cleaning up parcels. Jn this ea e t he 
t r eatment plan t was much mor e simp le than in the preceding. 

Electric drive of t he saw-milling plant · on th e min s i.· 
very satisfactory . On the Great Boulder a 75 U.P . motor 
has been driving t he mi ll for· man_v years, al t houo·h " ·it h h avy 
log: the momentm:y demand r ises to 125 to 150 ILP. man~' 
t ime every clay . All the nndergr onnd t imber is . awn by t lw 
mill. 

One of t he most in ter estin g elect1·ic motor in:ta llation: is 
t hat of t he Great Bonl der P cr sevet·ance mine. After t he or igi­
na l pl an t of t his mine wa.s dest1·oyecl by fire in 1911, t he new 
pla nt was laid out wit h t he object of using le tri c power from 
t he P ow r Com pa ny's .. t, rvicc . Au el ctr ic drive wa: installed 
throughout, except for air comp r essing and hoisting . Over 
] ,400 II.P . of motors ar e in use. Par t icularly interesting fi gure. 
are obtainabl e 011 t his plan t as to t he p roportion of power 
r equ ired in the differ ent parts of t he pr oce.-.. 

'l'h e P er severa nce is one of t he few min , wh er e such 
compl ete figur e as to t he ·m·rrnt cou.-mnption of the differ ent 
S('Ctions of t he pl a nt ca n be obta ined, as th e feeder . ar r un 
from t he main : witchboard , a.ncl each .-up plied through a 
separate f eE'd ' l' pa nel and rPcor·cling· watt meter . 

T he curren t from t he Stt b-station is brought in to the 
swit.ch board room on over head able: t o the centre panel: of 
t he board , wh e1·e t h mine t'rcor cl i11 g meter s are in stall ed . Con­
t inn on . cu rren t for opera t i ng an electric lo ·omotive whi 11 · 
e:on veys a" ·ay t h(' tailings is obtained from t he duplicate motor 
geHc•rators install rd at t hr e11d of the swi tchboa r d , and continn ­
O tL. ' cnrrent is also used from t he:e , ets for ligh ting the min e. 
'l' llt' li gh tin g loa d i.- about 20 ki lowatt· . 

'l'h e ore i.- conveyed fro m undergroun d in to t he breaker s 
in:tall ed near t he main shaft, and from t he bins of t h se breaker.­
i: taken by h<'lt co nvcyoT t o t he ball mill plant for finer 
crushing . E ig ht No. ball mill s are in use, and each of th rse 
is dr iven by a 7:5 ll.I . .A .B .G. motor. 

'l'h e ore then pa:ses through conveyors to the roasti ng 
fn r naces, ancl, after r oasti ng, to t he tube mill s and grin dino· 
pl ant , then to t h agitati ng pl an t, wh er e the cyanide . oln t ion 
i: add ed , f r om ther e to t hP filter pre: s p la11t, wh er e the gold 
solu t ion is extracted , and the ta i lings ar e t hen COJlV<'~'ed a wa~· 
to the clump by an electri c t ramway. 
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During a typical mon t h, wh r n ern. hin g 22,000 ton of 
or e, th e total current con mnption was 515,960 units. 'l'hc 
percenta ge of th e total con.·nmption and the units per ton 
used in th e different treatment operations was as follow. :-

ncler ground, which includes . nch pump-
ing and unde1;ground conveying a. is 
don e (th r ' is very little water ) 

Crush rs and Conveyor· . . . . 
Ball :\Jil l Plallt .. . . . .... . . . 
R oa ting P lant and Conve~·or . . . . 
'l'ubc l\Jills . . . . ....... . 
Agitator.· and Grinding Pans .. 
l;'ilter Presses and Pumps . . . . 
ill iscellaneons, in cluding J<'itting, C~'n·pen­

t er '_. 'hop and :B oundry . . . . . . 
1-lotor Generator for J.Jig·hting and Signal-

P e rce ntage Units p er 
of T o t a l. T o n . 

3.56 
1.5-:1-

50.30 
7. -± 
6.41 

J. .71 
5.86 

0.±2 

0.837 
0.3f'•6 

11.768 
] .96 ~ 
1.490 
4.367 
1.356 

0.094 

ling . . . . . . . . . . . . . . . . . . . . . . 2.51 0.571 
l\lotor Genenttor for R esiclnes l;ocomotive 2.85 0."649 

A total of ;) 15,960 units p er month, or 23.453 units per to11 
of ore tr eated. 

1t is notabl e that one half of th e total power nsed by th e 
treatment proccs. from mine to tailings dump i: used in th e 
:fine ern hi ·ng b~· the ball mill s. 

On one occasion a contra ct wa.- mad e by th e Power Com­
pany to SUJ) ]ly a mine, which already had a 550 volt, 50 cycle, 
syste1i1 supplied by thei1· own turbo o·en rator, ·which wa 
shut down, and the current upplied from the PO\ver Com1 any 's 
•i1·cuit: at 5:)0 volts, ±0 cycles. Abo11t 800 H.P. of motors wer e 
involve<l , and it wa .· anti cipa ted that some of th motors at 
l 'a: t wo ul d not can.v thei1· load at th e lower frequency. Tlw 
voltage di fficulty was overcom by in talling a SI cial auto 
t r ansf01.·mer on the f eeder to this mine, which wa. OJl th e 
same ub-station <1. other consumer s. 'l'he anto tran . form r is 
r ated at 80 kilowatt , and redu ces the voltage to 440 on th e 
'"hole of the min e supply, giving th e correct power factor on 
th e motor.- , which have worked . ati sfactorily and are all doing 
the w01·k th ey clicl before changing over. It vva ., of cour.-e, 
necessary to alter pull eys to obtain the right speeds. Th e 
c-hange over was effcct ecl at t he mine at one week-end withou t 
inter'l·uption or subsequent troubl e. 

Th e wate1· r eticulation of th KalgooTli and Boulder dis­
t ri ct is from a r servoir located on Mt. Charlotte, Kalgoorlie, 
in t o which the water flow. from the main pipe from 1\'Iundaring. 
Some ~ ' ears ago the Water Supply Department constructed a 
10,000,000-gHllon reservoir on th e fla t ground south of th e 
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town to f;CI 'VC af; atlditimml sto 1·agt• wh en the main pipe line 
l'equir •d repairs. The water from this · st l'ag·e n•scri'Oi l' is 
pumped to the hig·h levt•l l'eservoir h.v a centl·ifngal 1 nmp, direct 
d1 ivt•n by <l 3,:300 volt indu tion motor. 'l'he pump apaeit _,. 
is 2,090 gallons JWl' minute, and the hea d 230 feet. 'l'he . et 
l' UlV at 1,170 l'.p.m . The use of the 3,300 volt motor . a vcd the 
expt>nse of trausf01·mi11g, and ha:; given ever_,. sati. faction. 
'L'he pump is only operated at intervals ,-,•h en th pipe is nncl t>J' 
repai1·. 

lncln ction motOl'f; ( qnirrel- age first, and .·lip-ring .-ecoml ­
ly ) an' prt•fpJ·r t'd by the mine.·, Ol\ing to their hardy con­
stnl •tio 11. 

A I most th e whole of tht• mi 11e load. is induction motor., 
and th' power fa tor of the Powt'r 'ompm1_v ·s s,,·stt'm corre -
po11di11gly low. 

Smne years ap;o several st>lf-sta1·ting synchronous motors 
wt•n• p lll·cha.sccl by t he Powt'l' Compan~· fol' tlw purpose of 
i nducing t il e mines to m;e them antl impi'OVP 1 he p wer fF~ctor 
of th e fN•dt' l' and ge!ll'ral system. Th e. e machines are 0 II.P. 
ca1 a ·ity and 125 K.V.A. rati ng. Each is fitted with it. own 
ex ite1· and drives t hrongh a clu tch pull .v. The s11·itch gea1· . 
which is complicatt•d b11t '' fool-Jn·oof, · ' i. iron clad. 

'l' ii P 111 ach im•s, i11 cludin g t he pull ey·, have give11 eompl <"t · 
~atisl'act i o11. Somt• intel't>stin g figTII' .· w r obh-!i!wd of thr 
efl'cct 011 t il e powe 1· factor of n sing t he. c motor .. 

Ont' was installl'tl 011 a min r, wh e1·e the total f('ecl er load 
was llelwt•c•n 500 antl 600 kilowatts. ' l'hC' motor was hcltecl to 
tlw stHmp mill <lncl JWI·forming a.b01 1t 50 to 60 H.P. n. efnl 
wol'k. '!'he fie ld of t il e motOl' was <Ldju stecl for fnll load cunrnt, 
which g;a vt• a power factor on the mqtor itself 0.56 leading. 

The• dl't• t of this at diil'PI't'llt points on tlw frPclcl' was: -

11l J/ in Htcilchboanl-
·wit hout motor, P.F. 0.80 lag; with m tor, 0.99 lctp: 

to nnity. 

, I / , 'ub-slatio11 ·upplyiug the Aii1i a11cl also olh rr 
Ci?'C lt'il. -

\Yithon t motor, 0.76 pt'r Cl' nt. to 0.7 p er cent. lag: 
with mo1'ol', on 0.9:) JWr cent. to 0.97 per ce nt. lag·. 

At PotNI' 8/alion end of 11.1'. fll eeder (1} mile. long )­
\'iithont motor, 0.77 per cent. Jag; wit h mot r 011. 

0.9:3 ])('1' •ent. to 0.9:"5 per cent. lag. 

'!'his improvenwnl wa. a great a.-sista nee to the lines a 11d 
g•n •rators in hot wPather, an~ much impl'oved t il e voltagt• 
at tlw consnlll PI'. ' e nd. 
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H.AIL V\ AY BLEC'l'RIF [CA'l'IOl 
BY \VnJLTA 1: H. T .IYLOR. 

Tu accordance with· a r eque. t hom the Presi lent to con­
trib nte a paper thi . e. ion, I have chosen a ·ubj ect which 
ha .· engaged my attention for .·ome time, ancl I tru. t will prove 
of inter e. t to you, namely, '' Railway El ectrification.'' 

1 have not dealt v,rith lo ·11 l condition.·, bnt p1·incipally with 
s.1·stems in England and Am eri ca, wh er e rail,;.vay lectri:fication 
has mad e consid rabl e heaclwa.v in t he pa. t t en -y ar . . 

R .IIL W .IY ELE 'l'Hll<'JC.I'l'lO r . 

'l' he fact tl1at in th e pa t hv nt~r years over 3,000 mil e. 
of railways have been converted f1·om steam to electric workil1g, 

. anl that th e greater portion ha.- been converted clnrino· the 
past ten year., is an indication of the favour in which ele tric 
\Yorking has been receivEd b,v t hose controlling steam ;;~rstems, 
an cl that t he r eason for . ·uch conversim1: is in 75 1 er cent. 
of th e ea. es from :finan ial reasons brought about by competitive 
. y.-tems of transit , such as h 'a1nways, inter-ln·ban and urban 
railways, eh aper in OJ eration and offering advantRge.- over a 
slow a nd ('Xpensive st0am systPm. 

'l'liC large ompanies in En.;land . and America control! cl 
by meD of acknowl edged foresig ht in finance and economi cs. 
would not have em barked on scheme's of electrification ont of 
entiment or for spectacu lar effPct, but for the r ason tha t 

by so doing th eir dividends would he increased and greater 
pro. perity r esnl t to their companies. 

In the mind . of many , railway ele trification is 'OIIsid c>1·ecl 
to be a r efin ement to be in(hll gcd in a a luxury. and that 
th el'E' ar e no ga ins to be derived th c> l'eby, also tha t a few miles, 
say 60 or 0, is t he limit. 'l'hi: , ho,Yever , iR not so. Tk· 
Chicago, [ilwauk e and t. Panl 's Railway Co. m·c operating 
electricallv -1--W mil e o£ thei1· main line .-y. tem betwc>en Uarlow­
ton and A very, cro ·sing the l~oc ky ancl Bitter Root l\f01rntai11R, 
\vh er e at one point an altitude of 6, .. !00 feet in r ea heel . I will 
1·cfer to thi s line again. wh n co nsicl t'l'ing the 1"ech ni cal a 1 0C'ts 
of various system.- . · 

'l'h e :first electric locomotive was exhibit cl in Bc>l' lin in 
1 79, ancl t lw earliest important elec1"ric railwa .v w <:1R thC' C'itY 
and • outh 1.Jondon. a deep level tnhe, constru cted in 1890. · 

The fir. t steam railwa~' to be chang·ecl to electric workin g 
was, as far as can bC' asc rtai nccl , the Nantasket lwanc-h of the 
New York-New Ilaven . ystC'm , in 1895. 
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The earlie.-t conversions to electric traction in Europe were 
those of the Paris, Lyon . and 1\feditE'rranean railway, in 1900, 
whil e th e fir.t in England was the Mersey Tunnel railway, in 
1903. 

It was not, however , until 1904 that the J_~anca ·hir e and 
Yorkshire and North-Ea . t rn Rail way Cos., in England, and 
the Long Island Railway Co., in America, converted th eir im­
portant sections of steam railway. ·, consisting of den. ·e and 
vm·ied traffic over cm1sidcrable distances. The large :y. tem 
no\v in proce s of changino· from team to electric are those 
at New York, Buenos Ay1·es, 1\Iclbouruc, and London, though 
with regard to t he latter a gr at portion ha. be0n held up clue 
to the war, but will be r esumed a. soon as condition. are again 
normal. · 

RE.~ ONS FOR ELEC'l' I1JFJCNl'ION . 

Several rea. ons have led to the adoption of electl·ic tra tion 
for railway work Perhaps two of the most important are th e 
case with which a greatly improv cl train service can be given 
at lower operating eo. ts, and the qu estion of ventilation where 
tmmels are concerned. Numerous instance: wher e th e use of 
e 1 ectri c tra et ion wa. clecicl E' cl upon for · one or all of these reasons 
are given. In the ea . c of the underground and tube lines in 
London, the ::\ferse~,. Tunnel Railway , ancl undero-roun l line. 
in Pari:, Berlin , IIambnro·, and New York, i.t wa.- fl:n an.ciall:v 
ne e. sar:\' to run a very heavy a.nd fast servic of train , wh ile 
the im] ortancc of the qn<'. 'tion of ventil ation is obvious from 
t he natnr of the liD es. ln tlw case of t he Tynesicl e lines of th 
Nol'th-Ea. tern Railway, and th e ]:,onclon, Brighton and South 
'oast R.ailway, the neigh boring train way competition necessi­

tated a frequent service of fast trains, which electric traction 
i. p<:nti cnlarl.v :fitted to give, and whicl1 did arrest th e lo ... of 
tnd'fi c, and changed a decr easing tra.f'fic into an increasi11g one. 

ADV_IN'I'.IG'E OF s B LJ I~H!IN E lJEC'l'RlFlCYI'TON. 

A regnl a1· and more frequent service throughout the da , 
since each train 11 nit , consisting of, say, three coache. , can. be 
opcl'ated separately; it i: clear , tl1erefore, that it i. possibl e 
to run train.- con:isting of one train unit or even only one 
motor coach during , lack hours, and two or ·three train units 
at times of heavy traffi c, consisting of six or 11 ine coaches. 
Th e cost of electricall y ope1·ating tlw lighter trains is small , 
sine und er the: e conditions t he cost of lectrical energy, clean­
ing of coaches, repairs and maintenance to coache:, an ] electrical 
equ ipments, i directly proportional to the coach mileage. 

This r enders it fimmcially possible to give a r egu lar and 
frequent :e1·vice of trains throughout the day, regular ity of 
t he ser vice being maintained even during . lack hour: by train: 
con:isting of one unit only, and it has bee11 found that wh er e 
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a change from steam to electri c wor l;:ing has been made that 
:uch a service o-reatly st imula te. the increase in t r affi c. 

IIJG n SPEEDS. 

'l'h e us of a high accelerat ion improves oTeatly t lw schedul­
ed speeds which can be obtained , for given lenot hs of run, 
and of . ·top, and by the use of electric tract ion such an acceler a­
t ion eau be obtained at a r easonabl eo. t, both in the in.·t alli ng 
of t he p lan t f or the t ra ctive power to develop it, and in operating 
it, and th e sch Pclul ed peeds for givPn length of run and stop 
an b materially improvPd over steam spPed.-. \Ve kno\r th at 

t he mul t iple nnit yste m of train 01 eration is perfect ly snited 
t o th e cl evelopm ut of hig h acceleration ·, . ince upon thi .. yst ('li'l 
the whol e weig ht of th e trains ca n be utilised for ad he ·ion if 
rcquii·ed , by usin g all motor coaches. Tt is usuall y both un­
necessary and nude. irable to go so far a ~ this, as traffic conditions 
hav ' not made such necessar y on any system so far in operation. 

Pract ical acceleration. are limit ed (apar t fro m the qu estion 
of providing motive power for the trains ) by th e fact that 
high acceler ations impose unpl ea. ·a11t conditions upon th ose 
o ·cu1 ying th e train. ViTith ver~r high accelerations (. a.' · h\·o 
mil e. · per ho11r per second ) not only does t he weigh t and cost of 
t he electri al equipmen t become excessive, but t ravellin g beconw~ 
uncomfortahl . ufficient motive power can be provid ed a nd 
ad h 'sion obtained for accelerat ion up to 11 mil es per honr 
per second if the train unit on. ists of one moto1· coach an l 
one traile1· oach , th e four axles of th e motor coach bein g each 
motor driveu. Th e aclvi:abili ty of the nse of snch high ac­
celerations dep ncls upon t he lPtJO't h of t he run, length of stop 
and sch edule speed r equ ired. 

'l'he acceleration of steam tra in .· is much lower th an this 
- it i. of th e or der of .3 to .5 mil s per hour per second ,,·ith. 
say, a !>i.x-coach train. Purth 'r, t he acceleration of th e stea m 
tra in at .·ta 1-ting depends upon th e w ' ight of the t r ain, whil e 
with t he multiple unit y tem of E le tl·ic working the accelt•ra­
tion is independent of th e actual number of coach t o t he train, 
ince th e motive power is proportiona l to th e number of motor 

coache. · used. \ Vhile th er e i a wide po ·sibility of imr roving 
upon the . t ' am speed acceleration o·en erally used, say from .5 
mil e. p er hour per second, to th e pract ical figures with electric 
working of J .5 mil es p er h our pe1· cond, t he actn al incr ease of 
speed adopted must, naturally, be subj ect to t he particular 
conditions of th e system und er consideration. 

'l'h e adoption of too high au acceleration incr ease.- th e 
capital cost unneces. arily , also t he operating cost. , since the 
tra in .· are run at a hig her speed th<lll nece. sar y to maintain 
t he s h dn le. 
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Figure 1 .·hows that the energy con umption rises rapicll~r 
a: the :pcecl incr ases, for a given length of run. 

lt will be clearly seen that high r :chcdnlecl ·pe cls ·an 
be <tdopt d economica lly for long rnns, but not for short l'lW S. 

'l' ll t• whol e gist of the choice of spc ds with :topping train 
fo1· c·ompan1ti.vely sho1't nms is that high speed can only be 
seen 1·ed by accelerating n1 pdly, a ncl the high er t he acceleration 
the lllOJ'e costly is the electrical l'qnipment for the train. , and 
th e' higher the maxim nm speed the gr ater is t il e energy con­
sumption. Very high speed. fm· . hort rnn. are costly, both 
in apital outlay and operation. 

\. consid erabh• improvement can, how,ver, be made ovel' 
st<·aul . peecls for a11y subm·ban service, and, at the sam tim ', 
the c:ost of th<' ele · tric~ll equipm nt an I t he encrg-,v CO IL nmption 
can be kept with in rNJsonabl<' and commercial limits. 

l\loRg Eco T()]\ 11 (;. \L, E';\IJ>LUYl\'LgN'I' OF 'l'RAl r Ulm\'\7 

Train crew. <lll he more e ·onomically employed, clue 
partly to the highe1· S])eeds, by which each crew can perform a 
higher trai n mileag<' claily, and partly to the absence of loco­
motives. When the · mult ipl e nnit tl'ain r eache. its terminus, 
all that nrE'cl. to be don e i. t hat the carriage b opened up for 
ventilation for a few minute., and the moto1·-man to o·o to 
the other end of th train. 

On the Metropolitan Di trict Railwa.)' of London, at th e 
RichmOJHl and oth r western termini , the trains run in empty, 
fi ll , and run ont again on the retm·n journey, the Jay over in 
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many ea e not being more than thre or four minute . At 
th e ., points th e traffic is very heav). 

E 0~0:\IY L' C O.\L. 

A very important point affecting the coal economy of t eam 
locomotive. i. th e stand-by coal lo . . es. rrhe fir s have to be 
ligh ted , 1 1·io iical1y cl ean cl , al. o, u.ncl er certain conditions, 
banked o a to maintain th e full boile1· steam pr . . ure all tlw 
tim that the lo emotive i. . tanding about doino- nothiJ1o·, by 
which is meant th e tim e it is in th e hands of it.- m·e,v, and 
th e time it is in preparation fm · goiug into . ervi 

A 11 exhaustive inve tigation wa.- made by th nit d tates 
- O\' ' l 'llllle nt into th e que. tion of tand-by lo.-. e. of steam loco­

motiv s, and it was a. certaiu e l that in th e Unit d tatps 
. omething in the 01'de1· of 20 per c nt. of the tota l coaL u:c·c) 
P<' l' annum by locomotiv s i.- wa.-tcd in stand-by lo. se . 

These sta n cl-b_v lo,;scs arc enti1·cly e liminated i11 th e case of 
th e electric locomoti.v , owing to t he fact that th e . elect l' i 
locomotive only consumes power wh en it is I erforming usefnl 
,\·ork, th er efore only iucurrin.; expense at nch times for power , 
and not wh en sta.udi11g id l , as in th e case of a st am locomotive. 

lDN GINE }\{:~;; r . 

Th , process of 1 1·cpaTing a steam locomotive for clnty 
invohl.'s a consid erabl e. cx Jwnclitul·c' of time an l labour, an.l 
in addit ion to ·lc<ming, l ulwication and ove1·hauling at not in ­
f r qu0nt intervals, th e fir' boxes have to be rak d ont, fire l an; 
l'ene,vccl , smoke boxc's a nd tnbes cl an ecl, an d th e boil er. blown 
down and wa..-h ed ont, th e time between th e operation.· depending 
upon condition . . 

In contra.-t to thi.-, th electric locomotiv i alway. r acl.v 
to tak0 th e road without pl' ' pal·ation, th e littlP attention rP­
quired hE>ing usnall_,, clOJIC by tlie crew itself while' in ·llargt' 
of th e engine. 

Vi.-its to the running- sheds are pntctica)ly onl y Tequir d 
h.v electric lo omotive.- fo1· th e ptn·pos of clea nino·, in . pc tion 
of brake lJl ks and th e le's. acce ibl parts nncl rn eath. 1'he 
motors, if the_,. ar kept ·lean interna ll y and 1·eceive a . mall 
amonnt of att ntim1 , are alwa.v. l'Nl ]y for immediate li e. 

\ V .\'l'ER. 

\Yater for boil er fee cl purpoc c.- i.. al way. a source of 
~:mxi f't_,, , both in th e quantit.v n . ed ancl th e difficult~· of obtai11ing 
it !-mitabh' for the purpo.-c>, if not the ost of treatment, and 
the damage which may be ·;n1secl . . honld it ontain orro. ivc 
properties : in addition, the cost of water i. US 11 ally a very 
important itPm on th eo. t . h t . . 
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R UNNING sI rED . 

'l'h e r unnino· shed C'Xp ensC'. an ' r educed b~· elecrtic loco­
motivC's to :-

(et) Cleaning, which involves only a fraction of the 
labom: i ucidental to the cl aning of a st eam loco­
motive. 

(b) Adju. t meDt an cl I' moval of brakes. 
(c) Provi.· ion of lubrication, brushes fo1· commnta to1'fi. 

Com par E' th . e with th ose 1mcle1· st •am condition. , and it will 
Ul' foum l t hat the . t af-T' requ ir ed at a steam rmming . hcd i. 
very much in xce~s, as boih•r maker. , b lack miths, fitter .· , fi tter 
labonrC'l'S, tube cleaners, and gener a 1 labourers, et c., ar e r e­
qui red, wh r eas with le tric wo1·king the. e will b r eclucecl to 
two o1· three electr i al fitter .· for 20 to 30 electric locomotives; 
on a cer ta in , ystem in wit zerl <md, on e man looks aftC'r ten 
. i11 gle-ph ase locomotives of large size. 

Th e r eason for this is obvious. vVith steam locomotive. 
th er e ar e boiler , boi lC' r :fi ttings, motion work, with it · numerous 
component p arts, t ha t r equire att ntion , whil e the electric motor 
has onl y a r evolvi11g armatu re, t wo g·ear wheel., four b a1·ing , 
a llll a commutator, all of which ar e enclosed anl au tomaticall )' 
luhei ated in the case of t he becll'ing.· and g a1· whcC'ls. 

'L'he 11tir e motor ca n , if n t> csfial',\\, b chan ged i11 four to 
:-;ix hour .· , which i. equi valent to a new boi ler , or a compl ete 
c h a n~'C' of motion work m· cylind er s on a steam locomotive, 
wh ich could not be clon e nndc1· days. 

DOLJBI_,E I lE.\ DlNG . 

'v\Tith : t am locomotive;.; , wl1e11 double heac1 C'cl , C?ach i: con­
troll c ] h,v a separ at<' Cl 'l'W , t her efor e it is diffi cnl t to g·et each 
locomot i ve to take? its pr ope1· propo1·tion of th e load , while tht' 
s!'C;ond loe;omotivc ': cr ew r eceive;.; t hr smoke and cind er s f r om 
tlw fi1·st. Jn t lw ca:e of electric locomotivrs th re ar C' n o 
objl'etion: to donbl !:' !wadi ng·. if cl e;.;irecl , as bot h ca n be electri ­
cal! ,,- coupl ed and opl'n1tecl a ;.; one un it , dividing the load 
c'qna lly . and not at the cl iRcr etion of the cr ew . . 

C nm cE OF S YSTEM. OF Et,EC1'RlF JC.I1'JO .T. 

1'hcr c arc fou1· gC?lWI·al systems of electrifi cation :-
1. Single? phase, Altern atino· Cur r ent. 
2. Three p ha.-e, Altern ating Cm·r C?nt . 
3. Split pha;.;c, A ltcm<1ting Cunent . 
4. DirC?ct Cmwnt. 

Si 11 gl JJlws 

Th e single ph ase ~ · st C?m has been used both for ma in li ne 
an<l snbm·ban ciC?ctrifi ca tion , and mu h controver: y cxi:t. a. 
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to t he relative advantages between it and direct current, but 
it is generall y admitted that for very lense traffic it ha.· not 
the advantage of the dir ect cunent system. 

It is not the system which 1 would feel ju.tified i11 
recommending where only very dense suburban traffic i · being 
dealt with, but where a 15 or 30-minute service is the minimum, 
I am of the opinion that th e single phase system has mu ch 
to r ecommend it, and it sho·ws to advantage wher e long clistan ct>s 
have to be covered by only a few trains. 

'l' he capital cost of rolling stock i.. higher than wit h direct 
current, but aga.in.t thi. must be set lower operating o:;ts. 
as no sub-stations are U.'ed, except at long intervals, also tha t 
no rotating machin ery is · in use, with it .. consequential npkeep . 
[f a nevv power station is being built, ingle phase generators 
of low frequency wonld be in . tall eel. If a system existed having 
three-phase generator .', it would be nece ·sary to install motor 
generators of low frequency and deliver ing single-pha, e current. 

Only one overhead contact line is necessary, whicl1 can bE' 
operated at 11,000 volts with safety and in several . i.J1 stancE's 
15,000 volts is being u . ed. 

Ther e was in 1915 the foll owing· comparison of milpagE' 
of th e varions systems in use in the United States of America :-

S.P . . . . . . . . . . . . . . . 1,490 miles 
D.C., J ,200-1 ,500 volt . . 2,810 , 
D. C. , 2,400-3,000 volt . . 910 , , 
'l'otal D.C. . . . . . . . . . . 3,720 , 

In r egard to the single phase system, 1 consider t l1 at too 
much i. · mad e of the superiority of direct current. 'l'he com:se 
I consider should be adopted is to concentrate on singl e phase 
equipment and make it li o·hter for the same clut~r as clirpct 
current, when it would take precede11 ce over it for all . E'l'vice,., 
e.'pecially main line work. 'l'he tim e is not far distant wllE'n 
we ,.Jiall see th e sing·le pba.'e .')' . tem with its many advantagE's 
graduall y taking its proper place in railway w01·k, but so far it 
has it limitations. 

TMee Phase System. 
Sev ral notable examples of three phase railways are 

those of th e Valtallina Railway, Italy, the Govi Line and th e 
Savoni-Genoa, the :first two being passenger and the latter a 
high speed passenger and freight line. 'l'he Genoa-Savonia line 
has a normal ,.peed schedul e of 100 kilometers p r hour. 'l'he 
pressure on the contact line is 3,000-3,500 volts, at a fr qn ency 
of 15-16 cycles per second. 

Split Phase System. 
This is thP system which has been ad opted for th e Norfolk 

and -w est ern Railway, in Amercia . Single pha se current i 
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:nppli cl to the overhead contact line, and converted to two 
phase for the locomotive motor. by means of a pha e splitting 
converter. 

Di)·ect C111Tent System. 
The introduction of high pressure direct current has been 

received with such favour that exponents of .·ingle pha.. e have 
tempo1·a.rily taken a back scat . . \Vhen 600 volts \V a. con. ·iclerecl 
the limit, long distances with D .C. were out of the question, 
hut with single phase no diffim tl tie were presented. 

In 1900 the Paris, T.1yon. · and Mediterranean Railway 
wa. electrified at a pr ssm·c of 600 VQlt. ·. 

In 1904 the T.Jancashire and York ·hire Rai l way electrified 
their Liverpool-Southport line, and in the same year the North­
Eastern Railway electrified the first :ection of t he 1'yneside 
snbnrban system, to be foll ow cl in 1915 by a. Jnai.n lin e min ral 
section between Newport and Shilclon, tq which l will 1·efer 
later. 

T n 1914 the Lancashire and Yorkshire R.ailway eler.trified 
their Burg-IIolcombe Brook branch , the pressure being· 1,200 
volts. A third rail i.- used in place of the customary Catenary 

onstructi011 . 'l'h e performance of a third rail at 1,200 volts 
is br ing watched with co·nsicl e1·able inter e t . 

At the pre ent time Engli:h engineers do not show much 
tendency to exceed 1,500 volts, although th ere i · one experi­
mental lin e operating at 3,000 volts in th e lVficllancl Counties. 

'!'he American engine rs have u. ·eel 3,000 volts on the C.M. 
and P. Ra ilway, with, it is said, satisfactory result, . 

ln direct current systems, l am of the opinion that th e 
limiting factor "will not be the motors, but the converting ma.chi­
J1 e1'.\' , as th e more this become: complicated and expen. iv , the 
more will ingle pha:e show to advantage. Th ' higher the 
prc. ·sm·e: used 011 the contact line, the high er th pres!'lure 
1wcessa1·y on the commutator or commutators of the converti11g 
a1 paratu:. 

Tn the case of the C.1Vf. ancl St. Paul Railway, wh ere 3,000 
volts i!'l in nse, the conve1-. ion is by motor generator , ets, two 
1,500 volt. generators being connrcted in series. 1'his cannot 
lw as t>fficient <1S two r ota1·y converters with their transformers. 
A. Sl tming 100 per ce nt. load factor, t he efficiency of the motor 
generator sets vvill be 90.5 pel' cent., against th e same capacity 
of I'OtaJ ·y converter . of 94.!) per cent. 

Then' i no difficulty with 1,500 volt on one commutator, 
t lwrefm·e it would a.pp al' that this will be the pressure used 
in the greater numb 1' of conversions which have yet to be 
inacle. It is noteworthy that American engineers have used 
motor generator sets for th0 heavy clnty lin .-, wh crc11: B11glish 
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<'ngiu c't'l'S have used 1,200-1,500 volt rotary converters for im­
porb-Jn t ser vic 

'l'YP.I C. \Jj R .\H,W .\Y SY. ' I'ElVIS. 

A typical Ameri·an exampl e is t it , Norfolk and W est rn 
Ra ilway, which operates a 29-mil e section, betYI'een Vivian and 
Blu efi elcl , in the State of Virgin ia. 

Th e total track mil eage is 97, including , iding.·, etc. 
Th e ea:;t bound trains ascc'n cl a grade of 1.5 p r cent, for 

:ome distance, wi th 011e p01-tim1 of 2 p r ent. '!'h e 1.5 per cent. 
is t lw E lk-IIm·n tunnel, whi ch i . ..J.,OOO feet lon g. 

'l' lri:-; line was pnt into open1tion in !(ay, 1915, and repre­
sent.- a rece nt aclopti.on of . in gle pha.-e for main lin e electrifi ca­
t ion. 'l'lw locomotive. used of which ther e are 12, weigh 240 
t ns. the moto1·s ]p ing the split pha.-e t 'PC. Cm-rent i · coll ectec1 
by pantoo· ,·aph from t he overh ea d lin e, which is 01 erated at 
11,000 volt., 25 cycle.-. '!'rains weighin g 3,380 tons, includin g 
a 2+0-ton locomotive are haul ed between Vivian and Blu efi eld 
at a s1wecl of 14 mil es per hour. Thi.- wa s formerly done by 
tl11'ee ::\lall et locom otives, eac h of 240 tons; t he .peecl was then 
ou l~' s ven mile.- per hour. 

u ch a t r aiu weigh ed 3.620 t ons, or 7 1 er cent. more th an 
t he ele ·t l'ic t1·a in s. Th e . peed tlnongh t he Elk-Horn tunnel 
had to be r NhJ ccd belo\\' 7 mil e.- per hour, in vi ew of the smokt> 
a]l(l fum 0s. Bl e ·t ri train. mai 11 taining a speed of 14 mil l's 
per hour can he despatched through th e E lk-Horn tunnel at 
tlw rate of a train every t hree minutes, as aga inRt a , tC'am tra in 
every sc'Vt'n minn tes . Ea ·h lo ·omotive's weigh t is made up of 
227,000 lbs. of L'lectri cal equip111 cnt and 310,000 lhs. of mechani­
cal eqnipm e11t. 

'J'Iw loco motive.- are capable of exerting a tra(3tive effort 
of 6 ,000 lhs .. con es p ncl i11g 1' 2,600 II.P. , at 14 miles per 
ho11r. and -W.OOO lbs. at 2 mih•s JW I' honr, conC':poncling i11 
thi.- instan ·c to 30,000 ll.P. , which is th e continuou . rating f 
tlw locomotives. 

SIJ\'G l~B p 11.\ E R.\ 11~\\'.1 YS. 

On the N,,·iss raihvay.- ·ingle p ha. e has been xtensively 
adoptee! for clcctrifyirw th eir mountain railways, and s veral 
clifficn lt pt·obl ems had· to be overcome on th e 1 ioneer line. chang­
ed to electric working. 

An important convel·sio11 was th e , t. Gotharcl tunn el , from 
steam to comp lete electric. For this .-iugl e phase has bee11 used. 
'l'he contact pressure i.- to be 15,000 volt., but in the early stage.­
ouly 7,:)00 volt. i. b i11 g usecl. 'l'h c fr quen y i. 16 cycle 
per second. 

One of the mo. t re ent onvcr:iou.- is that of the B rn e­
IJotch~berg Raihra~· . 'l'his lin e give.- direct acces to the 
" Himpl on, .. ancl o:n . eqnc'ntl,v to Tta ly, from th e Dorth-wc t 
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portion of Switzerland and those more central di tricts that 
gravitate toward. Berne and t he Bereuese lakes. 'l'his line i 
of importance to international pas. engers, as it .'horten.· the 
<listance between th e important cities of France and Italy hy 
many hour... 'l'his line is operated at 16,000 volts si11gl e phase, 
the frequency being 15 cycles per .·econd. 

rrhe locomotives used on this lin are capabl e of developing 
2,000 H.P. continuously. 

The line being of r ecent origin, is an indication of t il e 
fa ith which Swiss engin eers have in single pha. e for heavy 
main line service, operati11g the severe grades and hauling 
hea vy trains. 

S rKGL E Pu .\, E S BLJRBAN RArr~'IVAY . 

'l'h erc is only one exampl e of a single pha .. e .'Uburban rail­
way in England, and thi .. is th e South London E levated, which 
serve.· t he south side of l.Jondon, and runs over the joint systems 
of J.J. C. and D. and S.E. Ra.i lwa.ys. rl'h i.· line ha. borne th e 
light of .·e vere criticism by advocates of D.C., but so far it has 
not proved th e failure predicted. In my opinion th e weakness 
lies only in the fact that al l the Tjondon railways have adopted 
D.O., which makes inter-1·nnni11g impossible-a featm e alone 
snfficil'ntl,v important to condemn u. ing single phase for one 
section of a city system only, hounded, as it is, on all side. by 
D. C. railways. 

Co nt inuous Train. S in g le-p hase Train. 
F o r For For For 

outhp ort S.L.E. Southport S.L.E. 
se r vice. e r vice. se rvi ce. e r vtce. 

Trucks . . .. £ 815 815 815 815 
Coa.ch Bod ies £ 4,070 4.070 5.200 5,200 
Electrical equipment £ 3,750 1;630 13,500 4-,500 
F urth er costs . . . . £ 590 510 ] ,050 690 
rrota 1 eo. ts of train £ 9,22f 7,025 20,565 11,205 
W eight of train .. .. ton. Jl8 10J 210 13 
Cost per ton .. . . .. . . £ 78.1 69.5 98.0 81.3 

'l'he following table gives th e relative costs of operating 
a D.C. and A.C. railway , based on a. schedule of 30 mile.· per 
hour, the distance between stops 1.32 miles; and 22 mile.' per 
hour and .88 mil es betwee11 . tops:-

tlchcdule speed, miles per hr. 
Distance between stops, miles 
Equipment of train .. . . . . 

\\Teig·ht of train . . .. tons 
et consumption of electri-
city at train in w.-hour p r 
ton-mile . . . . . . .. . . . . 

30 
1.32 

Con -
tinu ous. 

118 

96 

Sing:le-
phase. 

210 

96 

22 
0.88 

o n-
tinuou . 

101 

66 

Si ng le-
p hase. 

138 

. 66 
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)Jet consumption of electri-
city at train in kw.-honr 
per train-mile . . . . . . . . 

Miles per · train per annum . . 
)Jet consumption per train 

11.3 
54,000 

20.2 
54,000 

6.7 
48,000 

57 

9.1 
48,000 

per annum . . . . kw.-hr. 610,000 
Gross consumption per train 

1,090,000 322,000 437,000 

per annum ( = 1.3 X net 
consumpti011 )" in kw.-hl' . . . 795,000 1,420,000 419,000 569,000 

Total annual cost pe1: train-
nil e for electricity . . . . d. 9.45 13.4 5.60 6.05 

'!'h e Heysham-Lancaster .. ection of th e Midland Railway is 
operated single phase, but th is cannot be considered a suburban 
line, a .. such are lmown ; it is more of the style kno\vn in 
America as an interurban raihvay. Th e traffic is dense for 
so .. hort a line, there being 60 train. per day each way . 

.Dm.EC'l' CUI~REN'L' RAILW L\.YS . 

In add ition to the extensive system of underground and 
tube r ailways in J_;ondon , the suburban systems are also in 
cour .. e of conversion. t he latest being the London and Torth­
\Ve.-tern , L onclon and South-W estern, and the Midland Railway 
as fa r as , outhend-on -Sea, 35 miles frmn London. It will then 
be possibl e t o take a train at Southend and he put clown in 
the very heart of the city in one hom· and ten minutes. 

'l'hese systems have adopted direct ·current at 600 volt. , 
o that the benefits o£ inter -running can be obtained, in pre­

feren ce to gaining one or two p er cent. in effi cien cy by using a 
higher pressure. 

On all the London r ?>ilways, the · third rail has been u sed. 
In the case of the Underground and Di.trict, four r ails are 
usecl , the rmming rail. being insul ated from the conductor rail s. 

It is cer tain as condit ions are aga in normal that th e whole 
of th e remaining portions of the London snburban r11ilways will 
be conve1;tecl to electric worbng. 

iA.IN }_;lNE ELEC'l'RI.Fl CL\.'l'lON, ENGJ~AND. 

An important change has taken place recently on the North­
Eastern Railway Co. 's system, which marks the first main line 
of a. heavy char acter to be converted to electric workin g in 
England. · The section referred to is th e Shildon-Ne,vport 
branch . 

Some historical interest is al. o attached t this route, since 
the track runs over a portion of the original Stockton to 
Darlington Railway, th e first public railway on which steam 
locomotives were run for the conveyance of passenger. and 

goo l. . This line was opened for traffic in 1825, and two of 
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the original locomotives arc still to be seen on the Darlington 
station of the N .E .R.. Company. . 

The fact t hat t he fi 1·st trial in Eng·laud of the electrification 
of heavy freight traffic on a large scale . hould be carried ont 
on this section is noteworthy. 

'l' he route has a length of approximately 18 to 19 miles, 
and connects the mine1·al . idin g·s at Shil clon, which forms one 
of the largest marshall ing yan1.- in Great Britain , with tlw 
ErC'mus sidings at lewport, nem· l\lidc1lesborough. 

A co nsid erable portio n of t he . idings have bt'en elC'ctrifiPcl. 
th<>J'C being in all ahont :"50 mil e. of: :ingle track. 

The ovel'heacl s~·strm has bP('Jl adopted, workin g· at a pre ·. 
sure of 1 JiOO volts. 1'he t~ ·1w of: construction is shown in 
Ji'iglll'(' 2. 

Fig. 2. 

'J'Iw ·ontact liue con ists of two harcl clra wn copper on­
ductors each of .155 sq nare inches sectim1a l ar a, for the main 
li11c; on sidings one con tact li11 r oul~y is u eel . 

'l'he contact wires are snppm-t d from . teel catenary , to 
wh i ·h t he contact wire's are clipped at 15 feet interval. . The 
normal span i: 300 feet 011 tangC'nt track. and on cnrve. this 
is rrcl need to suit the comhtions of . Hme. 

1'h l' feeder cables are caniecl on th e supporti11g structm·e .. 
'l'he>;c an: .109 square inch. 

'l'o limi t t he sag du e to VHl'iations of te mper ature as far 
as po>;siblr, automatic tensioning is used, the ten. i011ing point 
being l ,JOO yard. apmt. TC'nsioning weights Hl'e hung in the 
ccntrt' of th e supporting structure. by means of chain . pa:sing 
owr pull ey., of .-ufficirnt capacity to maintain the normn.l line 
ten ·ion u nd C'l' all omlitions. 
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A tension of one ton i!:> LL ·eel 0 11 :;pans of 300 foot, which 
maintains thl' con tact Vi'il·e tau t u nder a 11 conditions. 'rhe 
contact wire is divided into sections, which arc arranged to 
come at tension points, there being bridged over with S\vitches, 
operated from the gronncl. -

'l'he running rails are used fOl' t he TetuTn current, being 
honcl ed acro!:>s til e fish-plates with bonds having a sectional area 
of .109 !>quare inches. 'rhey are cross-bond d every 300 f eet 
botweou th' two iunel' r ail !> of adjacent tTacks at t he same 
interval ·, t he bonds in t he 6 feet way being midway between 
those in the 4 feet way . 

'l'h e power is f urni:;h ecl by t ile in terconnected sy ·tem of the 
North-I~ast Coast, whi ·h 1 have de cribed in my paper befor e 
this I11stitution , into two snh-st~1tions, situated at Aycliff and 
Eremus. 

'l'he Aycli:ff sub-station contain::; two 00 K.\Xf. rotary con­
verter·, 'ach con i. t i11 g of two 400 K.W . sets connected in 
series to give th e line pressure of 1,500 volt , the machines, 
of course, being each of 750 volts. The machines are capable 
of carrying an ove1·load of :-o per cent. for two hours withou t 
commutating difficulties, and 100 per cent. for t en minutes. 
'l'he e machines have taken overloHd. · u p to 200 per cent. without 
fia. lling ovce. On account of the high commutator voltage, and 
to minimise the damage clue to flashing ovo1· when :;ustainod 
short cir cuits are on the system, the operating parts of the brn . ·h 
gear are entirely covcrell witl1 insul ating mater ial, and t he 
eommutator by a fireproof !:>hield. 

Tests ';ver e carried ou t t o determine what load could be 
suddenly thrown off without flashing over. A load amounting 
to :five time.· full load wa: t hrown on , and au tomatically thrown 
off, seven times. 'l' hree times the machin es withstood thi · tc.t 
wit hout flas hin g ovel.'. Betw<'Cn t he tests the commutator wa:;; 
11 0t touched. 

Th A,vcliff ·ub-statio11 i. sur plied at 20,000 volts from two 
incl.epcndeut overh ead lines, an ~ E r emns hom underground 
c;ables in th e 1\Iiddl esborongh district, at a pressu re of 10,000 
volts. 

'l'he high tension switch gear in both . ub-sta.tion. is of the 
Ironc lad type, manu factur ed by Reyroll e. 

The low ten.·ion switchgcar i · of cellular con:truction , 
!:>imilar to tha.t u:ecl on high tension alternating current sy tems, 
and is mechanicall y. r ernotc contl·oll ecl. 

'l'Jw freight locomotives W<' l'e der;igned and built at the 
N .E.R. Go. 's w01·ks at Dar li11 gton , and the electrical equipment 
at the works of Messrs. Siemen:; B1·os. , Stafford, England. They 
ar c cl . ignecl to hanl a load of 1,400 tons at 25 mil es per honr 
011 t he level. 
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'l'h e m.oto1· equi pllH'Ilt of ea e ll lo ·omotive eonsists of: four 
to1·a ll y en closed motor s, eaeh driving one a xl t> t hrough single 
l' ' dn cti.on o·earing, th e fa ce dimension s of: th e pinions beina 
3 Jl-J 6th. A pinion i. moun ted on ea ·h end of: th e motor 
armat ure shaft, and meshes in to a correspondin g g a.r wheel 
moun tcd 011 th e t·nnnino· a.x. lt', t lw geal' ratio being 4.5 to J. 

Th motors <He coupled p erm anently two in .-er1es, two 
on each bogie rllHl opel'ati ng seri s parall el. 'l' he control is 
t' ll' ·tro-magnetic. E ach motor is capabl e of: developing 275 
B.Il.P. a t a sp eed of 20 milt' s per hou r , 01 · 1,JOO B.II.P. for th e 
locomotive compl et . 

'l' lw mot ol' eq11ipme nts arc capable of exerti.ng a t orque 
.-uff:icie11 t to .-kicl th e wil •cls, uml e1· noJ·ma.l conditions of: rail, 
and will exert a 11 a v<•rage to l'qu e of: 28,000 lbs. at th e tread o.f 
th wh ee ls, \Yh t'll , ta1ting und ' J' n ormal cond ition ·. 'l'h c tno to1·s 
and gt'<ll'ing i.- designed t o nm at a speed of 45 mil es p et· honr 
without injur y , but t he n o1·mal speecl will be ::l5 mil es p r hour. 

'l'h e power co11s umption for· t he trip from Shillon to New­
port, an ave1·age of: JS to 19 miles, \nls 453.3 units = 25.1 units 
per train mil e = 31.3 watt hours lWl' ton mile. A.-. uming 
ele l' ti c current at .6 p ence pt' l' Ullit at th e locomoti.vP, th e cost 
to haul an 00-ton train fro m , hildon to Newport would be 
l5 p en ce pe1· t rain mile for powe1·, o1· .01 7 p eu ee per ton mil e. 

Cos·r OF OI'EHA't'I N G M uur ''' ' .E N 1'1' TR.IINS. 

r would like to deal hCl·e with t li ' cost of operatioJJ, 3 . it 
1·efe1's to oth er than main lin e freight train .·, parti nl arly t h 
mu ltip le-unit suburban tl'ai n. As] have previously lllentioned, 
th e power con. nmption va.ries a · t he weight of the train. H 
i. obviou s t hat th e propc1· course is to J·ecln ce th weight of 
th e trai ns at hours of lig ht tl·affi c, and in cl'C<1 Se th em at th e 
h eavy houl's, a." woulcl be do11 e with any power con. uming 
a ppm·atn,. which i." not p er forming r ev en uc earning service. 

Th e :f:o ll owi no· table is for a train of: three, six and n in e 
coaches, as also a tra in with l2 for eme1'g n cies, al. ·o o:ne coach 
on ly if desi rccl :-

No. o f Coach es . 

'!' Ill'<'<' 
' l'wo 
011 0 

Rix 
l\illl' 
Twelve 

P ence per Tra in M il e. 

3. 5 
2.61 
1.595 
7.70 

10.55 
] 5.40 

T ons o f Tra in . 

118 
so 
50 

236 
354 
472 

l'' r om th e abovr 1ablt> it will hP seen that a co:n,.id erabl P f'iaviu g 
'<1Ll ll' eff cted by l'l'drtC'illg t he weig ht of th e tl'<l in , und er 
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Cl'l'tain conditiO llS. 1'hcse figures are based on a l'llll of 8.7 
miles with an average distance between stops of 4,600 feet , the 
. top.· being of 20 seconds duration. 'l'h e average watt-hours 
p >r ton mile is 60, or 7 k.w.h. p er train mil e. 

The averao·e mileage per annum -of. steam locomotives com­
pared with electric trains is as given h er eunder , and are those 
of one of th e largest system.· in England operating both steam 
and electric trains:-

~tea m . . 
E lectl·ic .. 

Train Mi les p e t· A nnum. 
20,000 
48,598 

1'il e mil eage of th e followino· parts of th e cl >ctric trains 
will be of inter e t :-

I t em. 
Wh eel Turning 
Motor Armatures 
Al'lnature Bearings .. 
Commutator Brnshes .. 
Coll ector Shoes . . 

Train Miles . 
30,300 

171,030 
7,100 

10,900 
102,000 

On a r ecent test of a rai lway type box frame motor, the 
armature b arillgs have run 54,000 ca1· milE's and still in se1·vice. 
Thi.· is on a tramwa~·.· system, wit h a h·clCk Dot compar able with 
that of a railway. 

PowEII. C(JNSU ~ ll "' l.'lON . 

'l'h e 'lid! and l~ail way ·. l\Io1·combe to Ileysham line, which 
is single phase, 6,600 volts, 25 cycles, operates trains of 0.5 
tons over a distance of 8.1 miles. Th e sch ednle speed is 31.4 
mil e.· p e1· hom:, mad e up of 1:3.6 lllinutes r unnin g tim , and 
font· .. tops of 30 second. each. T lw r onnel trip is 16 .2 train 
mile. and equals ] ,300 ton mi lE's . 'l'h e <'n ero·y consumption per 
ton mil averages 40.5 watt hours. 

'l'h e distance between stop. and the schedul e speed in M.P.H. 
are t he influencing factor. of the en ergy consumption. A good 
exampl is th e Great North ern and Picadilly Tube, l ..~ondon. 

D ista nc e betwee n 
Sto1 s in M il es. 

.1 

.45 

.99 

Schedule Speed, 
M.P.H. 

10.2 
15.0 
19.5 

Ave rage 
Speed . 

12.7 
16.9 
20.8 

Energy Co n sum ption 
vV.H. Ton Mil e . 

121 
78 
59 

Th e following tabl e indicates the in cr eased en e1-g_y con­
sumption, with an in cr ease in speed, th e distl'!ncc for th e run 
and b twee n .. tops r emaining t he same, 
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chedule 
speed in 

E nergy Con sumption in watt-hour per ton-mile for th e 
variou values of th distance in mil es between top . 
set forth at the head of th e vertica l column s, and for 
20- econd stops. miles per 

hour. 0.5 0.6 0.7 0. 0.9 1.0 1.25 1.5 
15 
16 
17 
] 

6 58 50 
78 66 56 50 
93 76 63 55 50 

]1-! 90 73 62 55 48 
]04 83 70 60 53 

94 7 66 58 47 
95 77 67 54 

19 
20 
22 
2-± 
26 
2 
80 

9 3 65 55 
100 7 63 

9 73 
10-± 82 

An avel'agc en crg,v •on»tllnption for subnrban line ·, having 
distances between stop: ·of . mil es, with a 22 mil es sch dule 
s pcNl , is 95 to JOO waH-Il om:s per ton mil e, reaching 120 under 
el'taill conditions of servi e. 

REI •. I'!'lV8 COS'I'S OF 0PER.I 'l'lON. 

One of the factol'.' whi h would influ ence ·hanging fro1 n 
:tealll to ele ·tric working would be the rclativ' diffen'nce iu 
th, cost of operation of the two ~;ystems. 

'ompul'ahve Costs, 8t eall/ and Electric. 

Trai n and loco. OJW1·at i11 g expen ses 
l\Ja intenan ce hanf; lll ission lin es, etc. 
Operation of sub-statioll , etc. 
l\fa inten ance of elc ·tri locos . .. 

Steam. 

Total co»t. 

Saving in opet·atill g· costs 
Additiona 1 1·evc nn e d Ut' to el 'Ctrification .. 
~'otal gain by introductio11 of ekctrifi catio11 
C'a pi tal cost of rh'ctrification . . . . 
Interest at -± per ce nt. . . . . . . . . 

Electric. 
£ 

' 5,595 
62-± 

5,558 
6.800 

Nett savi11g on r lt>ctriiicatio11 . . .. . ... j) Cl' a11num 55,681 

Operating Costs of I feovy llfiltf1'al Lin e in .cbne1·ica. 
aYing per year . . . . . . £48,000 

Coi>t per t011-mih>, steam . . . . . . . . .' 94 pe nce 
Cost Jll'l' ton-mile, clcctt·i c <tnd ~tealll com­

bi ned . . . . . . . . . . 
Co~t per to11-mil<', <' IPe1Ti C' .. . . 
Pt•J'C'<'ntagt' saving dtl(' to <'1<- ·tric 

.216 

.17 
,, 

-1::5.26 !W l' cent. 
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!Jutt e, inaco ncla ancl Pacific B ail wcty : Locomotiv e .E.t penclit 1we, 
six rnonths, in pence pe1· tnt,in mile. 

11 Steam . Pence pe r E lec tri c. 
r. Maintenance of 1~qnipment-

Repairs .. . . 6.5 2.2 
Depreciation 1.0 1.2 

upervision . . .4 .2 

'l'otal 7.9 3.6 
JI. Transportatio11 Expenses-

vVa ge:, Engincmen .. 6.6 3.2 
Engine House Expenses 1.9 0.9 
Ji'uel and PO\rer . . 19.9 7.0 
Water . . 0.3 
Lubrication . . 0.6 0.2 
Oth er Supplie: . . . . 0.3 0.2 

Total . . . . 29 .6 11.5 
Total I plus H 37.5 15.1 

Traffic: 80,000 locomotive miles per annum. 

Comparative cost :-
Steam : 37.5 X 00,000 + 240 = £125,000 per annum. 
Electric: 15.1 X 00,000 -7- 240 = £51,000 per annum. 

Annual ·aving = £74,000 per amn1m by electric traction. 

S _I FE'l'Y ON GR.ADES. 

In view of the aJ.van cc which has been made in the past 
few years on electric eqnipment fol' high voltage D.C .. ·ystems, 
it is now possible to n:e regenerative control , '""'her eb r on the 
C.-lVf. and St. Paul Railway 21 per ce nt. of the energy pnt into 
th e trai n is r eturn ed to t he line. A more :imporhmt point, 
however, b in g the absoh 1tc contl'ol of t he speed wh en de: cencling 
grades, ·and th e reduction in wear on brake block and brake 
gear. rf0 be in a pOSition to descend a 0 Tad e at a flxecl 1'111(] 

predetermined speed, settl ed npon by th e controlling authorities, 
must appeal to them as a saft'guanl which cannot be obtained 
with . team t1·ains. 

In the ea. e of t hree-p hase railways with properly designed 
locomotive, a constant speecl n p a n<l down grad es can be obtained 
- not as with steam , slow llj) the grad es and fast down, to make 
up for the lost time in a.· ·ending. \t\Tith electric locomotives, 
if desired , 30 mil es pel' houl' ca 11 be ohtainrd up a grade of, ·ay, 
1 in -±0, and 30 mil es down , or 30 miles np aud. 40 down. 'l'he­
sp<'C'< i up th e g1·acle is a qn rf;tion of II .P. of th r motor. on the 
loeom otivPs, 1·1w rc'q11isiJr power !wing Sllppliecl hom the po" ·e1· 
house. Tn vit' \1. of t lw OWI'l oad. which can be eatried by 
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t>l 'Ctri a l lll<Jchi1wry for pe 1·iocls, s<'ly one ho11 r , the weight of 
eq 11ip ment can I e kept clow n to t hat nece.-sary to provide for 
normal conll itions, ancl grades, etc., if not long, can ben gotiated 
on th e ovcJ·load capa ity t he motors can carry. 

rl' he lpwstion of th e system to be used for 1·ailway electri­
ficatio n is not t he all -important factor in coming to a deci ion 
as to the benefit.· of electri c working over steam, which is one of 
operating osts and the increased traffic to be gained; it is 
i mmateri.a 1 wheth r altern ating or direct current i nsed, the 
hoicc of ·ystem Leing a te hnica I one, nrovicli.ng, of course, 

it i.- the mo.t economical one for t il e particul ar system. 
In co nclusion I won Id mention that th e benefit.- to be 

derived fr om a change from stemn to electric working are 
gener all y in favo11 r of ele tric, whi ch i.- appar ent from th 
number of .-ystems whi ch are or have been electrified, which 
you can saft'ly take wa s not for any other r eason than improved 
efficiency or to obta in better handling of heavy traffic . For 
mounta in allCl heavy gmllc railway system.-, electric \Vorking 
. ·ta11d. · a lone. 

I£ 1 have not touched on all . u bjects 3ealing \Vith electri­
fication it is because th e t ime at m~r disposal is too .-hort to 
give ot il ' I' than a few of tl1 e general p1·inciples which have been 
follo11·ed in th cll'Ctrification of mai11 allCl snbnrban r ailwa y . . 

Co 111 pa rative Cos t betwee11 i'ii 11gl e Pll(( ·e and Di1·ect Cun·e·IFt . 
Passenger- Average Tra in M il es. 

11b111·ban f::lysh'm: IVLnltiple U nit Trains 1,752,000 
·ljo ·o. IIan l d . . . . . . . . . . . . 704.000 
::\ [ain ]jine Loco., Hauled 2,000~000 

Goods-
, uburban ..... . 
Iai.n Ijine . . . . 

'.L'ota I rrra in MileH 
hunting E ngine Hours 

Capital Cost . 

Powe r D is tr ibu t io n. 

'.l.' rallHillis.-ion f::)~rst"m 
Sn h-station.- . . . . . . 
E lect l'ic<t'i Equip ments .. 
Perman nt \Vay and Sidings .. 

Iteration. to \Vav and \Vorks 
R.olling Sto ·k . . ·. . . . 

Single­
pha e . 

£ 

£4, 34,700 

600,000 
1,920,000 

6,976,000 
518,000 

D irect 
urre n t. 

£ 

£4,000.710 
Additional 'apital BxpeliCli.tu i'L', , ingle Phase,£, 33,990. 



I~. I 11 ,\ ·1' .1 Y .1£ L,EC'l'H i l~"IC- 1 'l'lON , 

Anll·ual 1Vod:i ll{) E.rp nses. 
S ing le 

· phase. 

Provision ancl Distribntion of Electr ical 
Power -

Total cost of power at house''' (includ-
ing capital charges) . _ . . . . . . 

Insp ction and 111 ai ntemmcc of 
transmission lin e, operation an<l ~ _ ,; 
main tenance of snb-.·tation. · . . :.0 2 M 

Inspection and main tenance of ] - ~ ~ 
electrical eqnipment of the~ u u 

permanent way . . . . . . . . . . 

1\Iaintena.n ce of Roll in g Stock, inclncl ing 
inspection , clean ing, routin r OV<'l'han l, 
r epa irs and renewals . . . . . . . . 

£ 

65 

Direct 
Cunent. 

£ 

'l'otal . . . . . . . . . . . . £128,658 £103,014 

Increa.·e in operating costs on single-phase sy.t em, £25,644. 

-----------
·:~Approx i mate l y eq ual fot· bo t h sys t e m s. 
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